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Limited time offer only 


Use code 
EPE10 
during checkout 


ZEN50 


Zener Diode Analyser 

(ine. LEDs, TVSs ete) 


Nowwith backlitdisplay and AAAbattery 

The Atias ZEN (model ZEN50) is perfect for testing Zeners 
(ineluding Avalanche diodes), varistors, transient voltage 
suppressors, LEDs (and LED strings) and many other components. 

- Measure Zener Voltage (from 0.00 up to 50.00V!) 

- Measure Slope Resistance. 

- Selectable test current: 2mA, 5mA, lOmA and 15mA. 

- Very low duty eyele to minimise temperature rise. 

- Continuous measurements. 

- Single AAA battery (ineluded) with very long battery life. 

- Gold plated croc elips ineluded. 

- Can measure forward voltage of LEDs 

and LE n *— 



DCA55 


Semiconductor Analyser 
- Identify your semi’s 


VVith backlit display and AAA battery 

Connect any way round to identify the type of component and 
the pinout! Also measures many parameters ineluding 
transistor gain, base-emitter voltages, MOSFET thresholds, 
LED voltages ete. Complete with a comprehensive illustrated 
user guide. Includes an Alkaline battery so you’re ready to go 
straightavvay. 

-Transistors (ineluding NPN/PNP, darlingtons, Si & Ge). 

- Measure h FE , Vbe and leakage. 

- Diodes and LEDs. Measure V F . 

- MOSFETs. Measure V GS (th). 

- Gold plated hook probes. 

-Long battery life. 

-Free teehnieal 

support for life. 

-Comprehensive 
instruetion book. 

-2yearwarranty. 


with discount! 




LCR45 


LOR and Impedance Meter 
with Auto and Manual modes 


Great for hobbyists and professionals 

Introducing a povverful LCR meter that not only identifies and 
measures your passive components (Inductors, Capacitors and 
Resistors) but also measures complex impedance, magnitude of 
impedance with phase and admittance too! Auto and Manual test 
modes allovv you to specify the test frequency and component type. 

- Continuous fluid measurements. 

- Improved measurement resolution: (<0.2pH, <0.2pF). 

- Test frequencies: DC, 1kHz, 15kHz, 200kHz. 

- Measure the true impedance of speakers and more. 

- Great for hobbyists and professionals. 


£ 81.00 



J " . “A very capable analyser” 

RadCom 


It’s only possible to show summary specifications here. Please ask if you’d like detailed data. Further information is also available on our 


you’re not happy. 


Tel. 01298 70012 
www.peakelec.co.uk 
sales@peakelec.co.uk 


Atlas House, 2 Kiln Lane 
Harpur Hill Business Park 
Buxton, Derbyshire 
SK17 9JL, UK 




UK designed and manufactured 
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QUASAR 

electronics 


Quasar Electronics Limited 

PO Box 6935, Bishops Stortford 
CM23 4WP, United Kingdom 

Tel: 01279 467799 
Fax: 01279 267799 

E-mail: sales@quasarelectronics.co.uk 
Web: quasarelectronics.co.uk 


01279 


Ali prices INCLUDE 20.0% VAT. Free UK delivery on orders över £35 
Postage & Packing Options (Up to 0.5Kg gross vveight): UK Standard 3- 
7 Day Delivery - £3.95; UK Mainland Next Day Delivery - £8.95; Europe 
(EU) - £12.95; Rest of VVorld - £14.95 (up to 0.5Kg). 

Order online for reduced price Postage (from just £3) 

Payment: We accept ali majör credit/debit cards. Make PO’s payable to 
Quasar Electronics Limited. 

Please visit our online shop now for full details of över 1000 electronic 
kits, projects, modules and publications. Discounts for bulk guantities. 


Card Sales 
& Enquiries 


467799 


Solutions for Home, Education & Industry Since 1993 


PIC & ATMEL Programmers Controllers & Loggers 


We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 

Programmer Accessories: 

40-pin Wide ZIF Socket (ZIF40VV) £9.95 
18Vdc Power supply (661.130UK) £23.95 
Leads: Parallel (LDC136) £2.56 | Serial 
(LDC441) £2.75 | USB (LDC644) £2.14 


PIC Programmer & 

Experimenter Board 
Great learning tool. 

Includes programming 
examples and a repro- 
grammable 16F627 
Flash Microcontroller. Test buttons & LED 
indicators. Softvvare to compile & program 
your source code is included. Supply: 12- 
15Vdc. Pre-assembled and ready to use. 
Order Code: VM111 - £38.88 £30.54 



USB PIC Programmer and Tutor Board 

The only tutorial 
project board you 
need to take your 
first steps into 
Microchip PIC 
programming us- 
ing a PIC16F882 (included). Lateryou can 
use it for more advanced programming. 
Programs ali the devices a Microchip 
PICKIT2® can! Use the free Microchip tools 
for PICKit2™ & MPLAB® IDE environment. 
Order Code: EDU10 - £46.74 



ATMEL 89xxxx Programmer 

Uses serial port and 
any Standard terminal 
comms program. 4 
LED’s display the 
status. ZIF sockets 
not included. 16Vdc. 

Kit Order Code: 3123KT - £32.95 £21.95 
Assembled ZIF: AS3123ZIF- £48.96 £37.96 



USB /Serial Port PIC Programmer 
Fast programming. 

VVide range of PICs 
supported (see vveb- 
site for details). Free 
Windows softvvare & 

ICSP header cable. 

USB or Serial connec- 
tion. ZIF Socket, leads, PSU not included. 
Kit Order Code: 3149EKT - £49t96 £29.95 
Assembled Order Code: AS3149E - £44.95 
Assembled with ZIF socket Order Code: 
AS3149EZIF - £74.96 £49.95 



PICKit™2 USB PIC Programmer Modüle 

Versatile, lovv cost, 

PICKit™2 Development 
Programmer. Programs 
ali the devices a Micro¬ 
chip PICKIT2 program¬ 
mer can. Onboard sockets & ICSP header. 
USB povvered. 

Assembled Order Code: VM203 - £39.54 






Flere are just a fevv of the controller and data 
acquisition and control units vve have. See 
vvebsite for full details. 12Vdc PSU for ali 
units: Order Code 660.446UK £10.68 


USB Experiment Interface Board 
Updated Version! 5 &S&*" 

digital inputs, 8 digital 
outputs plus tvvo ana- 
logue inputs and tvvo 
analogue outputs. 8 bit 
resolution. DLL. 

Kit Order Code: K8055N - £39.95 £22.74 
Assembled Order Code: VM110N - £39.95 

2-Channel High Current UHF RC Set 

State-of-the-art high 
security. Momentary or 
latching relay outputs 
rated to svvitch up to 
240Vac @ 12 Amps. 

Range up to 40m. 15 
Tx’s can be learnt by one Rx. Kit includes 
one Tx (more available separately). 9-15Vdc. 
Kit Order Code: 8157KT - £44.95 
Assembled Order Code: AS8157 - £49.96 

Computer Temperature Data Logger 
Serial port 4-ch temperature 
logger. °C/°F. Continuously 
log up to 4 sensors located 
200m+ from board. Choice 
of free softvvare applications 
dovvnloads for storing/using 
data. PCB just 45x45mm. Povvered by PC. 
Includes one DS18S20 sensor. 

Kit Order Code: 3145KT - £19.95 £16.97 
Assembled Order Code: AS3145- £22.97 
Additiorıal DS18S20 Sensors - £4.96 each 

8-Channel Ethernet Relay Card Modüle 

Connect to your router 
vvith Standard netvvork 
cable. Operate the 8 
relays or check the 
status of in put from 
anyvvhere in vvorld. 

Use almost any internet brovvser, even mo- 
bile devices. Email status reports, program- 
mable timers... Test softvvare & DLL online. 
Assembled Order Code: VM201 - £134.40 

Computer Controlled / Standalone 
Unipolar Stepper Motor Driver 

Drives any 5-35Vdc 5, 6 
or 8-lead unipolar step¬ 
per motor rated up to 6 
Amps. Provides speed 
and direction control. 

Operates in stand-alone 
or PC-controlled mode for CNC use. Con¬ 
nect up to six boards to a single parallel port. 
Board supply: 9Vdc. PCB: 80x50mm. 

Kit Order Code: 3179KT - £17.95 
Assembled Order Code: AS3179- £24.95 


Many items are available in kit form (KT suffix) 
or pre-assembled and ready for use (AS prefix) 






Bidirectional DC Motor Speed Controller 

Control the speed of 
most common DC 
motors (rated up to 
32Vdc/5A) in both 
the forvvard and 
reverse directions. 

The range of control 

is from fully OFF to fully ON in both direc¬ 
tions. The direction and speed are controlled 
using a single potentiometer. Screvv terminal 
block for connections. PCB: 90x42mm. 

Kit Order Code: 3166KT - £19.95 
Assembled Order Code: AS3166- £25.95 

8-Ch Serial Port Isolated 1/0 Relay Modüle | 

Computer controlled 8 
channel relay board. 

5A mains rated relay 
outputs and 4 opto- 
isolated digital inputs 
(for monitoring svvitch 
States, ete). Useful in a variety of control and 
sensing applications. Programmed via serial 
port (use our free VVindovvs interface, termi¬ 
nal emulator or bateh fileş). Serial cable can 
be up to 35m long. Includes plastic case 
130x100x30mm. Povver: 12Vdc/500mA. 

Kit Order Code: 3108KT - £74.95 
Assembled Order Code: AS3108- £89.95 

Infrared RC 12-Channel Relay Board 

Control 12 onboard relays 
vvith included infrared re- ^ * 
mote control unit. Toggle 
or momentary. 15m+ in- 
door range. 112x122mm. 

Supply: 12Vdc/500mA 
Kit Order Code: 3142KT - £64.96 £59.96 
Assembled Order Code: AS3142- £69.96 

Temperature Monitor & Relay Controller 

Computer serial port 
temperature monitor & 
relay controller. Ac- 
cepts up to four Dallas 
DS18S20 / DS18B20 
digital thermometer sensors (1 included). 

Four relay outputs are independent of the 
sensors giving flexibility to setup the linkage 
any vvay you choose. Commands for reading 
temperature / controlling relays are simple 
text strings sent using a simple terminal or 
coms program (e.g. FlyperTerminal) or our 
free VVindovvs application. Supply: 12Vdc. 

Kit Order Code: 3190KT - £79.96 £49.96 
Assembled Order Code: AS3190 - £59.95 

3x5Amp RGB LED Controller vvith RS232 

3 independent high 
povver channels. 

Preprogrammed or 
user-editable light 
sequences. 

Standalone or 2-wire 
serial interface for 
microcontroller or PC communication vvith 
simple command set. Suits common anode 
RGB LED strips, LEDs, incandescent bulbs. 
12Atotal max. Supply: 12Vdc. 69x56x18mm 
Kit Order Code: 8191KT - £29.95 
Assembled Order Code: AS8191 - £29.95 
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2-Ch WLAN Digital Storage Scope 
Compact, portable battery povvered 
fully featured two channel oscillo- 
scope. Instead of a built-in sereen it 
uses your tablet (İOS, Android™ or 
PC (VVindovvs) to display the meas- 
urements. Data exchange betvveen 
the tablet and the oscilloscope is via 
W LAN. USB lead ineluded. 

Code: WFS210 - £79.20 ine VAT & Free UK Delivery 



LCD Oscilloscope Self-Assembly Kit 
Build your own oscilloscope 
kit with LCD display. Learn 
how to read signals with this 
exciting new kit. See the 
electronic signals you learn 
about displayed on your own 
LCD oscilloscope. Despite 
the low cost, this oscilloscope has many features found 
on expensive units, like signal markers, frequency, dB, 
true RMS readouts. 64 x 128 pixel LCD display. 

Code: EDU08 - £49.99 ine VAT & Free UK Delivery 



200 Watt Hi-Fi Amplifier, Mono or Stereo (2N3055) 
Self-assembly kit based 
on a tried, tested and relia- 
ble design using 2N3055 
transistors. Relay soft start 
delay circuitry. Current 


limiting loudspeaker pro- 
teetion. Easy bias adjust- 
ment. Circuit consists of 
two separate elass AB 
amplifiers for a STEREO 
output of up to 100 VVatts RMS @40/ channel or a 
MONO output of up to 200W @ 4Q. Includes ali board 
mounted components and large pre-drilled heatsink. 
Order Code 1199 KT - £69.95 ine VAT & Free UK delivery 



2MHz USB Digital Function Generatorfor PC 
Connect with a PC via USB. 

Standard signal vvaves like 
sine, triangle and reetangle 
available; other sine vvaves 
easily created. Signal vvaves ^ 
are created in the PC and fh - j 'ÎJ 1 1 

produced by the function /»-J 

generator via DDS (Direct - ' ■ 

Digital wave Synthesis). 2 equal outputs + TTL Sync 
output. Output voltage: ImVtt to lOVtt @ 600 Ohms. 
Code: PCGU1000 - £161.95 ine VAT & Free UK delivery 
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PC-Scope 1 Channel 32MS/s With Adapter 
0Hz to 12MHz digital storage 
oscilloscope, using a Com¬ 
puter and its monitor to dis¬ 
play vvaveforms. Ali Standard 
oscilloscope funetions are 
available in the free VVin¬ 
dovvs program supplied. İts —-— —- 

operation is just like a normal oscilloscope. Connection 
is through the computer's parallel port, the scope is 
completely optically isolated from the Computer port. 

| Supplied vvith one insulated probe x1/x10. 

Code: PCS100A - £124.91 ine VAT & Free UK Delivery 


2-Channel PC USB Digital Storage Oscilloscope 
Uses the povver of your PC to 
visualize electrical signals. 

High sensitivity display resolu- 
tion (dovvn to 0.15mV), high 
bandvvidth and sampling fre- 
quency up to 1GHz. Easy set- 
| up USB connection. No exter- 
nal povver required! İn the field measurements using a 
laptop have never been this easy. Stylish vertical space 
saving design. Povverful free VVindovvs softvvare. 

Code: PCSU1000 - £246.00 ine VAT & Free UK Delivery 



Raspberry Pi Basic Learning Kit 
Contains 75 compo¬ 
nents and other useful 
accessories for your 
Raspberry Pi (not in¬ 
eluded) together vvith a 
handy storage case. 

Includes LCD & LED displays, solderless breadboard, 
GPIO expansion board, AD converter board and much 
more. 51 page electronic tutorial user manual. 

Code: VMP502 - £63.17 ine VAT & Free UK delivery 






PC USB Oscilloscope & Function Generator 
Complete USB-povvered Lab- 
in-a-Box! Free feature-packed 
softvvare for tvvo channel oscil¬ 
loscope, speetrum analyser, 
recorder, function generator 
and bode plotter. VVith the gen¬ 
erator, you can create your 
ovvn vvaveforms using the inte- 
grated signal vvave editör. For 
automated measurements, it is 
even possible to generate vvave sequences, using file 
or Computer RS232 input. 60MHz scope probe ineluded 
| Code: PCSGU250 - £135.60 ine VAT & Free UK Delivery 
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100-Part 2* 

FEATURES • TechnoTalk • Teach- 
ln 2018 - Get Testing! Electronic 
Test Equipment and Measurement 
Techniques - Part 1 • Net Work • 
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loT Security Süite 


Makina the Comciex Simnle 



The loT Security Süite for the SAMA5D2 MPU enables rapid and easy use of its advanced 
security features, such as ARM®TrustZone® technology and hardvvare cryptography, 
vvithout a long learning curve.The süite covers the security requirements for loT 
device manufacturers in a single, easy-to-use package. İt supports storing, encrypting, 
decrypting and exchanging keys between devices and applications, and its easy-to-use 
APIs save you time. 

Features 

► Trusted Boot - Root ofTrust (RoT) verifîed startup 

► Firmvvare Protection - Encryption and execution of authenticated fîrmvvare 

► Trusted Device İD - Unique device certifîcate tied to the RoT 

► Secure Storage - Secure storage of keys, certifîcates and data 

► Secure Communications - Authenticated device pairing and loT cloud Communications 

► Secure Firmvvare Update - Securely upgrade fîrmvvare remotely 

Dovvnload the loT Security Süite Evaluation Kit (free) to get started. 
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Off to a flying start 

Finally, after a lot of anticipation (on my part) and a lot of hard work (on 
Mike Hibbett’s part) I am delighted to announce a very important new 
project for our popular PIC n’ Mix column. This month, Mike is looking 
at ‘Practical DSP’ (digital signal processing). I have wanted to cover this 
topic for a very long time, but never quite found the right combination 
of available author, space and cheap reliable Silicon. But those crucial 
ingredients are now in alignment and I’m really looking forward to the 
upcoming months as Mike lays out a must-read guide to actually building 
a DSP system and implementing the all-important FFT (Fast Fourier 
Transform) algorithm in a practical useable Circuit. 

For those of you who are interested in negative feedback control, digital 
hltering or just advanced system experimentation, this series will be a 
fascinating introduction to a powerful technique - great things to look 
forward to! 


Publisher: MİKE KENVVARD 

READERS’ TECHNİCAL ENOUIRIES 
Email: fay.kearn@wimborne.co.uk 
VVe are unable to offer any advice on the use, purchase, 
repair or modification of commercial equipment or the 
incorporation or modification of designs published 
in the magazine. VVe regret that we cannot provide 
data or answer queries on articles or projects that are 
more than five years’ old. Letters requiring a personal 
reply must be accompanied by a stamped self- 
addressed envelope or a self-addressed envelope and 
international reply coupons. VVe are not able to answer 
technical queries on the phone. 

PROJECTS AND CIRCUITS 

Ali reasonable precautions are taken to ensure that 
the advice and data given to readers is reliable. VVe 
cannot, however, guarantee it and we cannot accept 
legal responsibility for it. 

A number of projects and circuits published in 
EPE employ voltages that can be lethal. You should 
not build, test, modify or renovate any item of mains- 
powered equipment unless you fully understand the 
safety aspects involved and you use an RCD adaptör. 

COMPONENT SUPPLIES 

VVe do not supply electronic components or kits for 
building the projects featured, these can be supplied 
by advertisers. 

VVe advise readers to check that ali parts are stili 
available before commencing any project in a back- 
dated issue. 

ADVERTİSEMENTS 

Although the proprietors and staff of EVERYDAY 
PRACTICAL ELECTRONICS take reasonable 
precautions to protect the interests of readers by 
ensuring as far as practicable that advertisements are 
bona fide, the magazine and its publishers cannot give 
any undertakings in respect of statements or claims 
made by advertisers, whether these advertisements 
are printed as part of the magazine, or in inserts. 

The Publishers regret that under no circumstances 
will the magazine accept liability for non-receipt of 
goods ordered, or for late delivery, or for faults in 
manufacture. 

TRANSMITTERS/BUGS/TELEPHONE 

EOUIPMENT 

VVe advise readers that certain items of radio 
transmitting and telephone equipment which may 
be advertised in our pages cannot be legally used in 
the UK. Readers should check the law before buying 
any transmitting or telephone equipment, as a fine, 
confiscation of equipment and/or imprisonment can 
result from illegal use or ownership. The laws vary from 
country to country; readers should check local laws. 


SC200 amplifier parts sourcing 

I hope you enjoyed the recent three-part series on the SC200 amplifier. VVe 
know quite a few of you are hoping to build it because we’ve had several 
emails about sourcing components. I’ve spoken to the project designer and 
between us we have a short list of items that we know are available. 


First the transformer - the specified Altronics model is discontinued, as is 
the full amplifier kit. The easiest solution is to use two transformers: one 
300VA 40-0-40 transformer and a 20 to 30VA 15-0-15 transformer (eg, Jaycar 
MT2086 or Altronics M4915B). The primaries of the two transformers 
should be wired in parallel. Arguably, this is superior to a single 
transformer since the 300VA transformer is then tasked with only supplying 
the power amplifier, so it will be able to supply slightly more peak current. 
It should also make chassis layout and wiring easier. 


Second, the ‘ferrite bead’ choice isn’t critical, but this one would work fine: 
http://bit.ly/2G8wEsL 

Last, a couple of resistors are hard to find, but Farnell do have them: 


Part 1435952: 0.1Q, 1%, 3W 2512 
Part 2476365: 6.8Q, 5%, 3W 2512 



It shouldn’t matter too much if the 6.8Q resistor is a 5% tolerance device, 
and not the specified 1%, since it operates with inductor L2, which will be 
poorly defined. 


We’re always here to answer your component sourcing problems, so don’t 
let a hard-to-find part stop you building a project. 
















A roundup of the latest Everyday News 
from the world of 
electronics 



VVireless charging beyond the mat - report by Barry Fox 


R emember Nikola Tesla? Around 
1900 he was trying to transmit 
electric power wirelessly, över long 
distances, but failed because of the 
pesky inverse square law - received 
intensity diminishes according to 
the square of the distance 
from the source. So Tesla 
had to radiate huge amounts 
of power. And so today’s 
wireless ‘near field’ chargers 
for phones need the device 
to sit on a charger mat. 

So it caused quite a stir 
when, at the end of last year, 
Californian company Ener- 
gous won certification from 
the US Federal Communi¬ 
cations Commission for its 
VVattUp Mid Field transmit¬ 
ter, which charges at distanc¬ 
es of up to a metre. VVattUp 
devices were then shown at 
the Consumer Electronics 
Show in Las Vegas in January. 
Energous claimed that VVat¬ 
tUp ‘delivers safe wire-free 
charging energy at distances of up to 
approximately 15 feet [4.5m]\ (http:// 
bit.ly/2Hbvmyz and also: http://bit. 
ly/2nXS4SH) 

Technical details of how Energous 
succeeds where Tesla failed were 
sparse, but the company has around 
fifty granted US patents and de- 
signs with nearly a hundred pend- 
ing applications. The patents name 
Michael Leabman (Energous chief 
technical officer) as prime inventor 
and reveal a wealth of information 
on how VVattUp works. 

Radio bands 

VVattUp uses the ISM radio bands, 
which were originally reserved in- 
ternationally for use with industrial, 
scientific and medical equipment, 
but are now also widely used for 
unlicensed Communications such 
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as VVi-Fi, Bluetooth and Zigbee. The 
first patent granted to Energous, in 
September 2015 (US 9,124,125) 
describes the basic principles of 
VVattUp technology. The radiation 
is tightly focussed onto the target 


devices, to avoid hitting people or 
interfering with other equipment. 
Focussing is by shaping the energy 
into 3D ‘pockets’ of power, and this 
is done by simultaneously transmit- 
ting multiple radio waves with dif- 
ferent phasing. 

For instance, the patent explains, 
one wave may be at 5.7GHz and an- 
other at 5.8GHz. Targeting the power 
pockets can in theory be at distances 
ranging from ‘a few centimetres to 
över hundreds of metres’, the patent 
says. Devices to be charged are loca- 
tion-tagged by Bluetooth or even au- 
dio, and the power pockets focussed 
on the tags. 

Significantly, when the US Patent 
Office looked for previous patents 
on similar technologies they turned 
up US patent 787,412 filed in May 
1900 by Nikola Tesla of New York, 


for the ‘Art of Transmitting Electri- 
cal Energy through the Natural Me- 
diums’. But Tesla did not have the 
luxury of Bluetooth tagging and 
smart antennae, which could track 
and focus on tagged targets. 

Several Energous patents 
describe powering a laptop 
or a TV from a wall trans- 
mitter, and then using it as a 
hub transmitter to power or 
charge other devices round 
the room. Other patents sug- 
gest using in-car antennae to 
charge and power devices 
inside the vehicle. 

US 9,853,692 runs to 118 
pages and explains more 
about the use of Bluetooth 
Low Energy chips for tag¬ 
ging and for device location 
and control. 

Wi-Fi clash? 

Observers have already 
warned that if VVattUp works 
in the 5GHz ISM band it can 
interfere with VVi-Fi. (See: http://bit. 
ly/2BrOJCT). Now, US 2017/0373725 
patent, filed by the Research and 
Business Foundation Sungkyunk- 
wan University in Korea through 
2016 and 2017, details the interfer¬ 
ence risks from wireless power tech¬ 
nology to communication systems. 

‘in general’ the Korean Univer¬ 
sity patent says, ‘in the wireless 
powered communication network, 
when the wireless power transfer 
apparatus uses the same frequency 
band as a wireless communication 
system such as VVi-Fi, the wireless 
power transfer apparatuses, unlike 
the wireless communication termi- 
nals, transfer a power signal with- 
out checking whether a channel is 
used. Therefore, there is a problem 
that the power signal of the wireless 
power transfer apparatus interferes 
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Teslas Colorado Springs laboratory had one of the largest Tesla 
coils ever built, which he called a ‘magnifying transmitter ’ as it was 
intended to transmit power to a distant receiver. 














VVireless charging beyond the mat - continued 


with the wireless communication 
system to interfere with wireless 
communication. Since each wire- 
less communication terminal may 
perform communication only while 
the wireless medium is in an idle 
State, the transfer of the power sig- 
nal of the wireless power transfer 
apparatus causes performance deg- 
radation of the wireless communi¬ 
cation network.’ 

The Koreans believe the solution is 
to make the wireless power system 
behave more like a Wi-Fi Commu¬ 
nications network and continually 
exchange handshake signals that 
check whether the Communications 
airspace is ‘clear to send’ and so 
avoid ‘collisions’. 

In response to questions on this, a 
spokeswoman for Energous has now 
explained that ‘Energous received 
previous FCC certification for 5.8GHz 
Near Field transmitters. The recent 
FCC certification is for a Mid Field 
transmitter operating in the 900MHz 
band and the company has noted that 
the VVattUp ecosystem will run in the 
900MHz band for Near Field, Mid 
Field and Far Field Solutions.’ 


So has Energous now changed its 
system from 5.8GHz operation to 
915MHz operation? ‘Yes. VVattUp will 
launch and operate in the 900MHz 
band. However, Energous does have 
customer interest in 5.8GHz Near 
Field, closed-ecosystem Solutions.’ 

Frequencies around 915MHz are 
already used for low power monitor- 
ing, and location and sensing Sys¬ 
tems, such as Zigbee light control (at 
868MHz in Europe). So is the change 
by Energous to 915MHz operation 
to avoid interference to Wi-Fi? Says 
Energous: ‘The 900MHz band has 
two main advantages över 5.8GHz for 
non-contact, charging at a distance: 1) 
The SAR (Specific Absorption Rate, a 
measure of the rate at which energy is 
absorbed by the human body) results 
are improved in the 900MHz band, 
and 2) Coexistence in the 900MHz 
band vs 5.8GHz is also improved.’ 

So how is interference to other Sys¬ 
tems like Zigbee avoided? Energous 
will say only: ‘We have not publicly 
shared our coexistence technology/ 
strategy.’ So, clearly big question 
marks hang över claims that VVattUp 
will ‘work at 15 feet’. 


Weird metallic conductor 



A metal has been found that 
conducts electricity but produces 
little heat in the process. A team of 
researchers led by the Lawrence 
Berkeley National Laboratory have 
discovered this unusual property 
in vanadium dioxide (V0 2 ) at a 
temperature of 67°C. 

Most metals are both good con- 
ductors of heat and electricity; clas- 
sical physics explains that their 
electrons are responsible for both 
the movement of electrical current 
and the transfer of heat. V0 2 is dif- 
ferent. VVhen the researchers passed 
an electrical current through na- 
noscale rods, and thermal conduc- 
tivity was measured, the heat pro- 
duced by electron movement was 
ten times less than that predicted 
by calculations. 


SDR starter kit developed for Raspberry Pi 


L ime Microsystems has announced 
a Starter Kit for its Lime SDR 
platform based on the Grove Platform 
and for use with the Raspberry Pi. 
The £180 kit includes a LimeSDR 
Mini with antennas optimised for 
the 433/868/915MHz unlicensed 
bands, plus a GrovePi-ı- and an 
array of Grove sensors and outputs, 
many of which are supported by 
a Scratch extension, and other 
programming environments. The 
kit provides everything you need to 
get started learning SDR (software- 
defined radio) basics and developing 
IoT applications and is targeted at 
beginners and for educational use. 


By combining the hardware compo- 
nents with Lime’s ScratchRadio soft- 
ware extension, users will be able to 
quickly and intuitively create simple 
and fun applications that 
integrate software-defined 
radio (SDR) capabilities 
and peripheral I/O. 

The LimeSDR is an 
award-winning software 
defined radio platform 
for cellular, IoT, D VB, 

GNSS and other RF ap¬ 
plications. Together with 
LimeNET, it has a sever- 
al-thousand-strong com- 
munity of developers and 


backers, including EE and Vodafone. 

Lime is now taking pre-orders for 
the Grove Starter Kit via its distri- 
bution partner: www.crowdsupply. 
com/lime-micro/limesdr-mini/ 



yinu $ x w 

The Grove Starter Kit for LimeSDR Mini and Raspberry Pi 
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www.hammondmfg.com/dwg8.htm 

www.hammondmfg.com/1551USB.htm 
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Wet string works! 


^TechnoTaİK 



Mark Nelson 


Mention ‘fibre broadband’ and most minds turn immediately to optical fibre - but other options are 
available. Household string is made of fibres, either natural sisal or some plastic substitute, and as every 
electrical engineer (and radio amateur) knows, wet string does conduct electricity - up to a point. String’s 
ability to carry broadband was actually investigated recently, and the results may surprise you (and no, 
this is not an early April Fools’ spoof). 


ET STRİNG WOULD NOT 

BE anybody’s first choice for 
delivering broadband signals. 
But by the same token, neither would 
copper telephone wires that had been 
optimised for speech communication, 
in which the maximum frequency is 
around 3.4kHz. High-speed broadband 
operates at far higher frequencies 
(up to 17.66MHz for VDSL2), which 
considered in broadcast radio terms is 
the territory occupied by the 16m band 
that some shortwave radio stations 
use. Using copper telephone wire to 
deliver high-frequency broadband 
signals is not an ideal solution, 
although över short lengths it works 
tolerably well - for most users. 

Deliberately degraded 

So using telephone wire for 
broadband is a compromise, but not 
an entirely bad one. My Computer 
at home is getting a solid 42Mbit/s 
över copper wires using BT Infinity 
(other providers are available) and 
I don’t think I have any grounds for 
complaint, especially when some 
users in rural areas are hard pressed 
to receive a tenth of these speeds. But 
how far can you degrade the cabling 
and stili pass a broadband signal 
though it? That’s the question that 
exercised the mind of a technician at 
Andrews and Arnold Ltd, who have 
been in the Internet service provider 
(ISP) business since 1998. 

Fully aware of the widely abused 
capabilities of wet string, he 
decided to see how far you could get 
squirting broadband signals down 
this distinctly ‘alternative’ type of 
fibre. You can see a report at: www. 
revk.uk/2017/12/its-official-adsl- 
works-over-wet-string.html but in a 
nutsheB, a ‘cable’ of hairy string, two 
metres long and well doused in salty 
water, proved to be entirely capable 
of downloading from the Internet at 
speeds of up to 3.5Mbit/s. Uploading 
was not so rapid. Attaching empty tin 
cans to each end of the string added 
a voice capability too, although över 
a span of only two metres, this was 
perhaps a refinement too far. 


Little things matter 

Joking apart, after reading this, you 
might come away with the notion 
that as long as you use copper wire 
and not string, cabling has little or 
no infhıence on broadband signals. 
That’s not the case, however. Poor 
installation practices can create ali 
manner of signal loss problems that 
can drive you round the bend. The 
causes are seldom easy to trace and 
may exist either inside or outside your 
premises. Your ISP may well be to 
blame, but before you accuse them of 
providing data speeds far lower than 
you expected, do carry out a speed test 
with the Computer plugged directly 
into the router at the point where 
the telecom wires enter your house, 
hat or office. The speed bottleneck 
that annoys you so much may lie 
somewhere along the wiring that you 
installed yourself; and you don’t want 
to pay an eye-watering call-out charge! 

Things to watch 

If you reckon you are not getting 
the broadband speed that you 
should be receiving, check out 
where your router is installed. If 
it’s not connected directly into the 
filtered NTE5 master socket (www. 
increasebroadbandspeed.co.uk/tip4), 
you may be throttling the signal. 
Factors that can affect broadband 
cable integrity include cable crushing, 
impedance bumps and selective suck- 
out. The minimum bend radius for 
data cable is four times the cable 
diameter, which is approximately one 
inch. If it is bent beyond this specified 
minimum bend radius, you upset 
the spacing between conductors, 
causing signal reflection and reducing 
transmission speeds. 

Screw terminal blocks and jelly 
connectors don’t affect voice signals 
but may cause nasty impedance bumps 
for data transmission. According to 
laboratory research by Krone (who 
designed the cable system used 
by BT), the majör cause of data bit 
errors is signal reflections caused by 
impedance changes - or mismatches - 
at various points through the channel. 


When your equipment detects it 
has received a packet of garbage, 
it requests retransmission. This is 
fine for occasional errors, but as the 
incidence of garbling increases so 
do the requests for retransmission, 
becoming the majör part of network 
traffic in worst-case situations. 

Signal suck-out 

Frequency-selective suck-out occurs 
when a spur cable off the main wiring 
route just happens to have a physical 
length that is related mathematically 
to the wavelength of the broadband 
carrier frequency. This so-called stub, 
which may have been left from an 
extension socket no longer in use, 
can suck out a significant fraction 
of the signal energy at and near (for 
instance) the quarter-wave resonance 
frequency of the stub, meaning that 
you will have to shorten or increase 
the length of the wiring spur - or 
disconnect it altogether. Signal suck- 
out can also occur in the cabling on 
BT’s side of the NTE5, where it is 
notoriously difficult to track down 
and (obviously) you can do nothing 
to correct it. İn extreme cases BT is 
obliged to tear out and replace ali of 
the cable between your premises and 
the broadband cabinet in the Street. 

Optimum transmission depends 
on four key properties: characteristic 
impedance, high-frequency loss, delay 
and crosstalk. If any of these are badly 
impaired you will have some problems 
correcting them (and they are well 
beyond my proper comprehension of 
electrical transmission lines!). With 
luck, you won’t have to. One last word: 
never use cheap cable for data wiring. 
Right now there is a lot of low-grade 
material on sale that uses conductors 
made of CCS (standing for copper- 
coated Steel or copper-clad Steel). It’s 
a bit cheaper and certainly looks like 
normal cable. But don’t be fooled: its 
resistance is higher than copper and it 
is also prone to fatigue at the point of 
termination, which can cause random 
faults especially with insulation 
displacement connectors (ICDs). Use 
this rubbish at your peril! 
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Here’s a blast from the past! Welcome to our Spring Reverberation Unit 
project for musicians. It uses an affordable, readily available spring 
‘tank’ and a flexible power supply, so you can easily build it into your 
favourite amp - even if it’s portable. 


D espite the availability of digital 
reverb and effects units, many 
musicians, especially guitarists, 
stili like the ‘old school sound’ of spring 
reverberation. 

Put simply, a reverberation effects 
unit takes the dull sound of an instru- 
ment (including the human voice) be- 
ing played in a ‘dead’ space and adds 
lots of little echoes. 

These simulate what it sounds like 
to perform in an acoustically complex 
space such as an auditorium, which 
has lots of different hard surfaces for 
sound waves to reflect off, making for 
a much more ‘live’ sound. 

Even if you’re playing in a decent 
hail, adding extra reverb can make the 
hail sound bigger and grander. It’s also 
a great way to help a beginner musician 
sound more professional. 

To simulate ali these acoustic reflec- 
tions, rather than using digital Process¬ 
ing, a spring reverb uses a spring ‘tank’ 
comprising two or more actual springs. 

Sound waves are generated at one 
end of the springs using a voice coil, 
much like a tiny speaker, and just as 
sound waves travel through air, they 
will also happily 
travel down the 
metal springs. 

They are picked 
up at the other 
end by what is 
essentially a mi- 
crophone. 

Only, because 
of the (for lack 
of a better word) 
springiness of the 
springs, and the 
way they are sus- 
pended at either 
end, the audio 
signal doesn’t 
just travel down 
the springs, it 
bounces around, 
generating echoes 


and since no physical process is 100% 
efficient, these decay, sound just like 
waves do when they bounce off walls, 
floors, ceilings, chairs and other objects. 

It’s a personal preference, but many 
prefer this effect to a digitally gener¬ 
ated one. 

The end result is something you 
really have to hear to appreciate, but 
it’s surprising just how good a job the 
spring tank does of mimicking sounds 
bouncing around a hail. 

Of course, the exact sound depends 
upon the exact tank used - some have 
two springs, some have three, some 
are longer or shorter and so on - but 
regardless of how natural it is, chances 
are you will find some configuration 
where it will add an extra dimension 
to your performance. 

And being electronic, you can vary 
the reverb effect’s intensity (or ‘depth’) 
and turn it on or off as necessary. But 
unlike a digital effects unit, you can’t 
easily change other parameters such as 
the echo delay or frequency response. 

Sourcing the spring tank 

Fortunately, there are multiple suppli- 
ers of spring reverb tanks. You guessed 


it; most of them seem to be in China. 

The one we’re using is from a mu- 
sical instrument component supplier 
called Gracebuy based in Guangdong, 
and at the time of writing this, you 
could purchase the tank for US$20 
including free postage via the follow- 
ing ‘shortlink’: http://bit.ly/2GvH9HG 

The same supplier selis this same 
unit on ebay.co.uk. Look for item 
301900482233, or search for: ‘Spring 
Reverb Tank Electric Guitar Amplifier 2 
Spring Medium Decay TPSB2EB2C1B’. 

If you search eBay, you can also 
find other units, including some with 
three springs and/or longer springs. 
We haven’t tried any of these but we 
would expect them to work with our 
Circuit with little or no modification. 
So if you’re feeling adventurous, here 
is a couple of eBay numbers for alter- 
native spring tanks: 391937355232, 
162782505026. 

You can get an idea of the properties 
of the tank we’re using by looking at the 
scope screen grabs in Figs.4-7. Three 
spring units will have triplets of echoes, 
rather than pairs, and longer units will 
have a larger gap between the stimulus 
and echo. Other tanks may also have 
a shorter or longer 
persistence time 
than the one we’ve 
used, depending on 
the properties of the 
springs themselves. 

Note that most 
of the alternative 
tanks are larger 
than the one we’ve 
used (which is fair- 
ly compact; see the 
specifications pan¬ 
el) so make sure 
you have room for 
it in your ampli- 
fier’s chassis (or 
wherever you plan 
to fit it) before or- 
dering one. 


Features and specifications 

Reverb tank type: two spring 

Anti-microphonic features: spring suspension, plastic mounting bushings 
Spring tank dimensions: 235 x 87 x 34mm 
Reverb delay times: 23ms, 29ms (see Figs.4 and 5) 

Reverb decay time: around two seconds (see Fig.6) 

Input sensitivity: ~25mV RMS 

Frequency response (undelayed signal): 20Flz-19kFlz (-3dB) (see Fig.2) 

Frequency response (reverb signal): 200Flz-3.4kFlz (-3dB) (see Fig.2) 

Signal-to-noise ratio (undelayed signal): 62dB 

Signal-to-noise ratio (typical reverb setting): 52dB 

THD+N (undelayed signal): typically around 0.05% (lOOmV signal) 

Controls: level, reverb depth, reverb on/off 

Power supply: 9-15VAC, 18-30VAC centre tapped or 12-15V DC 

Ouiescent current: typically 30-40mA 
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You might think of it as ‘olde world’ but there’s a surprising number of musos who say that a spring reverb always sounds 
better than a digital unit! 


Improvements to the design 

Compared to many other designs, an 
important aspect of this design is its 
ability to run off a DC supply. This 
was added so that buskers can add 
a spring reverb function to portable 
amplifiers, which may be powered by 
a 12V lead-acid battery or similar. In 
fact, the PCB is quite fiexible and can 
be powered from 9-15VAC, 18-30VAC 
(centre-tapped) or 12-15V DC. 

It’s also possible to modify it to run 
off 15-30V DC, in which case you may 
need to increase the voltage ratings 
of the IOOOjliF and 220juF capacitors. 

One small extra feature we’ve 
added, besides the new power sup¬ 
ply options and related changes, is 
an indicator LED to show whether the 
reverb effect is active. It’s built into the 
reverb on/off pushbutton switch, Sl. 

Basic concept 

A block diagram of the Spring Reverb 
Unit is shown in Fig.l. The level of 
the incoming signal (from a guitar, 
keyboard, microphone, preamp...) is 
adjusted using potentiometer VRl and 


is then fed both to a preamplifier for 
the spring tank and to a mixer, which 
we’ll get to later. The preamplifier 
boosts high frequencies since the 
transducer which drives the springs 
is highly inductive and so needs more 
signal at higher frequencies to produce 
sufficient motion in the springs. 

Between the preamp and the tank is 
the buffer stage, which has little gain 
but serves mainly to provide sufficient 
current to drive the transducer, which 
it does in bridge mode, for reasons 
explained below. 

The output of the spring tank, which 
is delayed compared to the input and 
contains ali the added reverberations, 
is fed to switch Sl which can shunt the 
signal to ground if reverb is not currently 
required. Assuming the signal is not 
shunted, it is fed to a recovery amplifier 
that boosts its level back up to a similar 
level to the input signal and then on 
to VR2, which is used to attenuate the 
reverberations in order to control the 
intensity or ‘depth’ of the effect. 

The attenuated reverberations are 
then fed t o the mixer, where they are 


mixed with the clean input signal to 
produce the final audio output, which 
can then be fed to an amplifier or mixer. 

Circuit description 

The complete Circuit for the Spring 
Reverb modüle is shown in Fig.3. 
Note that two different ground sym- 
bols are used in the Circuit. For the 
moment, you can consider them 
equivalent; we will explain the sig- 
nificance later, when we go över the 
power supply details. 

The signal from the guitar/preamp/ 
source is applied via RCA connector 
CONl and then passes through a pair 
of electrolytic capacitors connected 
back-to-back (ie, in inverse series), 
which effectively form a bipolar elec¬ 
trolytic capacitor, to prevent any DC 
component of the signal from reaching 
the rest of the circuitry. 

The signal then goes through a low- 
pass/RF filter comprising a 100f2 resis- 
tor, 4.7nF MKT capacitor and a ferrite 
bead. The -3dB point of the low-pass 
filter is around 340kHz, while the fer¬ 
rite bead helps attenuate much higher 
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frequency signals (eg, AM and CB 
radio) which may be picked up by the 
signal lead. Both filters help prevent 
radio signal break-through. The audio 
signal then passes to 50kf2 logarithmic 
taper potentiometer VRl, which forms 
an input level control. 

The level-adjusted signal from the 
wiper of VRl goes to two different 
parts of the Circuit, as shown in the 
block diagram (Fig.l); to the mixer, 
via a 47nF AC-coupling capacitor and 
to the tank drive Circuit, via a lOOnF 
AC-coupling capacitor. We’ll look at 
the latter path first before coming back 
to the mixer later. The 100k£l DC-bias 
resistor at input pin 3 of ICla forms a 
high-pass filter in combination with 
the lOOnF coupling capacitor, which 
has a -3dB point of 16Hz. 

Note that in the original design, this 
part of the Circuit used a lOnF capaci¬ 
tor which gave a -3dB point of 160Hz. 
The reason for having such a high roll- 
off was two-fold: first, the tank used 
previously had a very low input DC 
resistance and presenting it with a high- 
amplitude, low-frequency signal risked 
overloading the driving circuitry. And 
second, this helped attenuate 50/100Hz 
mains hum and buzz that may be from 
the guitar, cabling and so on. 

Additionally, while it is possible to 
get good low-frequency performance, 
it's generally undesirable because it 
tends to muddy the sound. 

We’ve shifted this -3dB point down 
because the transducer in the tank 
we’re using this time has a much 
higher DC resistance and we’ve beefed 
up the driving circuitry, so overload is 
less of a problem, and this makes the 
reverb sound less ‘tinny’. 

However, you stili have the option of 
reducing this capacitor value, possibly 
back to the original lOnF, if you hnd 
the unit has excessive hum pick-up. It 


really depends on your particular situ- 
ation whether this is likely. Note that 
this solution to hum is a case of ‘throw- 
ing the baby out with the bathwater’; 
at the same time as reducing the hum 
pick-up, you’re also filtering out any 
genuine signals at similar frequencies. 

Getting back to the signal path, ICla 
operates as a non-inverting amplifier 
with a maximum gain of 101, as set 
by the ratio of the 100kQ and İkD 
resistors. 

The lOnF capacitor in series with 
the lkQ resistor causes the resistance 
of the lower leg of the voltage divider 
to increase at lower frequencies, thus 
reducing the gain at lower frequen- 
cies. For example, a lOnF capacitor 
has an impedance of 16kQ at 1kHz, 
thus the gain at 1kHz is reduced to 
100kQ (lkQ + 16kQ) + 1 = 6.9. The 
slope of the resulting filter is 6dB/ 
octave and the -3dB point is 16kHz, 
which not coincidentally, happens 
to be the frequency at which a lOnF 
capacitor has an impedance of lkQ. 
In other words, the gain is reduced 
to about half its maximum (ie, 51) at 
16kHz. You can see the effect of this 
filter stage in the frequency response 
diagram of Fig.2. 

This lOnF capacitor also prevents 
the input offset voltage of ICl from 
being amplified and creating a large DC 
offset at the output, while the lOOpF 
capacitor across the 100k£l resistor 
reduces the gain of this op amp stage 
at very high frequencies, preventing 
instability and also reducing the effect 
of RF/hum pick-up in the PCB tracks. 
The -3dB high-frequency roll-off point 
due to this capacitor is 16kHz. 

Tank drive circuitry 

Because the spring tank we’re using 
has a fairly high input impedance of 
600f2 at 1kHz, and because the springs 


themselves are quite lossy, the signal 
fed to the tank needs to have as large 
an amplitude as we can provide, given 
the supply rails available. 

Note that the supplier lists the tank 
input DC resistance as 28£1 and its 
inductance as 23mH, but the actual 
measured figures are 75f2 and 83mH, 
giving an input impedance of just 
under 600D at 1kHz. 

With ±15V supply rails, the LM833 
and TL072 low-noise op amps we’re 
using have a maximum output swing 
of around ±13.5V or 9.5V RMS. But 
since we’ve also designed this unit 
to be able to run off a 12V lead-acid 
battery (or equivalent) for busking pur- 
poses, and with a supply of only 12V, 
the output swing is much more limited 
at 9V peak-to-peak or just 3.2V RMS. 

To improve this situation, we’ve 
redesigned the circuitry to drive the 
tank in bridge mode. This is possible 
since the driving transducer’s negative 
input is not connected to its earthed 
chassis. That doubles the possible 
signal when running from a 12V DC 
supply, to nearly 6.5V RMS. 

It works as follows. The output sig¬ 
nal from gain/filter stage ICla passes 
to both halves of dual op amp IC3. In 
the case of IC3a, it is fed directly to the 
non-inverting input at pin 3, while for 
IC3b, it goes to the inverting input at 
pin 6 via a 4.7kQ resistor. 

IC3a operates as a unity-gain power 
buffer. The output signal from pin 1 
of IC3a goes to the tip connector of 
CON2 and hence the transducer in 
the spring tank via a 220D series resis¬ 
tor, but pin 1 also drives the bases of 
complementary emitter-follower pair 
Ql and Q2 via two 22jliF capacitors. 

A DC bias voltage of around 0.7V 
is maintained across these capacitors 
due to the current howing from the 
regulated V+ rail (typically +15V), 
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Here’s the completed Spring Reverberation Unit (in this case to süit a DC power 
supply (see Fig.8[a]). Note the tinned copper wire link över the potentiometer bodies 
- it not only helps minimise hum but also keeps the pots themselves rigid. 


through a 2.2k£1 resistor, small signal 
diodes Dl and D2, another 2.2kQ 
resistor and to the V- rail (typically 
-15V). You can calculate the current 
through this chain at around (3OV - 
0.7V x 2) -r (2.2kQ x 2) = 6.5mA, and 
this current sets the forward voltage 
across Dl and D2 and thus the average 
voltage across those two capacitors. 

The voltage across these capacitors 
defines the quiescent base-emitter 
voltage of both Ql and Q2, and thus 
their quiescent current, which is 
around lOmA. This is necessary to 
prevent significant crossover distor- 
tion when drive is being handed över 
between Ql and Q2, as the output 
signal passes through OV. 

The two 10£1 emitter resistors help 
to stabilise this quiescent 
current by way of local nega- 
tive feedback, since as the 
current through Ql or Q2 
increases, so does the volt¬ 
age across these resistors, 
which reduces the effective 
base-emitter voltage. 

The signal fed to the tank 
is also fed back to inverting 
input pin 2 of IC3a, setting 
the gain of this stage at unity. 

This closes the op amp feed¬ 
back loop around Ql, Q2 and 
associated components. 

The outer ‘ring’ terminal 
of CON2, which connects to 
the opposite end of the tank 
drive transducer, is driven 
by an almost identical Circuit 
based on IC3b and transistors 
Q3 and Q4. However, so that 
the transducer is driven in 
bridge mode, the gain of this 
stage is -1, ie, it is an invert¬ 
ing unity-gain amplifier. 

This is achieved by con- 
necting its pin 5 non-invert- 
ing input to signal ground via 


a 2.2kf2 resistor and then using a 4.7kf2 
feedback resistor and a 4.7kQ resistor 
between the inverting input (pin 6) and 
the output of the previous stage, pin 1 
of ICla. The 2.2nF feedback capacitor 
rolls off the gain of this stage at high 
frequencies, giving a -3dB point of 
16kHz and ensuring stability. The tank 
doesn’t do much to preserve frequen- 
cies above 5kHz anyway. 

By the way, we’re using a TL072 op 
amp for IC3 instead of an LM833, as 
used for ICl and IC2, because its lower 
bandwidth (and other aspects of the 
internals of this IC) makes it better 
suited for driving a complementary 
emitter-follower buffer. If you use an 
LM833 instead, the Circuit will work 
but there is likely to be a spurious low- 
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Fig.2: three frequency response plots for the Spring 
Reverberation Unit The frequency response from input 
connector CONl to spring tank driver connector CON2 
is shown in blue and uses the left-hand Y-axis. The unit’s 
över ali frequency response, ignoring reverberations, is 
shown in red. The approximate frequency response for the 
reverberations is shown in green. This is difficult to measure 
since pulse testing must be used, otherwise standing waves 
cause constructive / destructive interference. Our curve 
is based on pulse testing at discrete frequencies and can 
be considered an approximation of the actual response. 


level ~lMHz signal injected which 
might upset the power amplifier. 

This signal is due to the op amp 
having trouble coping with the extra 
phase shift introduced due to the 
transistors in its feedback path and 
it’s hard to tame without adding 
some gain to the buffer stage, which 
we don’t really need. Using a TL072 
instead solves the problem and since 
ali the gain is handled by the other 
two LM833 op amps (which have a 
lower noise figüre), it doesn’t degrade 
the performance at ali. 

Output offset adjustment 

Since the transducer in the tank has a 
relatively low DC resistance, we’d like 
to avoid a high DC offset voltage across 
CON2 as this will waste power and heat 
up both the transducer and Ql-Q4 un- 
necessarily. It’s not absolutely critical, 
but we’ve included DC offset adjust¬ 
ment circuitry because it’s relatively 
simple and cheap. 

But because this unit can run off 
an unregulated DC supply, we’ve 
designed it so that it doesn’t rely on 
the regulated supply rails to provide 
a consistent offset adjustment. 

Red LEDl and LED2 are connected 
across the supply rails with 4.7kQ 
current-limiting resistors. The junction 
of LEDl’s cathode and LED2’s anode 
is connected to signal ground. As a 
result, LEDl’s anode is consistently 
around 1.8V above signal ground while 
LED2’s cathode is consistently about 
1.8V below signal ground. 

VR3 is connected between these 
two points and so the voltage 
at its wiper can be adjusted be- 
tween these two voltages. Two 
back-to-back 22pF capacitors 
stabilise this voltage so that it 
does not jump around when 
power is first applied and the 
supply rails are rising. A 4 7OkQ 
resistor between VR3’s wiper 
and pin 2 of ICla allows VR3 
to slightly increase or decrease 
the voltage at that pin, to cancel 
out any offset voltages in op 
amps ICla, IC3a and IC3b. 

Note that because IC3a has 
a gain of +1 and IC3b has a 
gain of -1, when you turn VR3 
clockwise, the output voltage 
of IC3a will rise slightly while 
the output voltage of IC3b will 
drop slightly. Thus, there will 
be a position of VR3 such that 
the output voltages of these two 
op amps are identical when 
there is no input signal. This 
is the condition we’re aiming 
for as it minimises DC current 
flow through the transducer 
connected to CON2. 
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Fig.3: complete Circuit for the Spring Reverberation Unit , 
including the spring tank connected between CON2 and CON3 
(shown in green). Only the output Socket of the spring tank is 
connected to its case - this is to avoid earth (hum) loops. Note 
also that two different ground symbols are used; depending on 
the power supply arrangement, they may be connected together, 
or the signal ground may sit at half supply when powered from 
DC. Two different power supply arrangements are shown in the 
boxes at right and the PCB can be configured for one or the other. 
With an AC input, the circuit is powered from regulated, split 
rails of nominally ±15V while with a DC supply, the circuit runs 
off the possibly unregulated input supply. 


Table 1 - expected voltages relative to TPGND 


Supply 

V 

£_5 

v+ 

V- 

AGND 

15VAC 

+20V 

-20V 

+15V 

-15V 

OV 

12VAC 

+17V 

-17V 

+ 12V 

-12V 

OV 

9VAC 

+12 V 

-12V 

+9V 

-9V 

ov 

12V DC 

+12V 

OV 

+12V 

OV 

+6V 
(half V+) 


Signal recovery 

The signal passes through the springs 
in the tank as longitudinal vibra- 
tions; and these are picked up at the 
opposite end by another transducer 
which is connected to the board via 
CON3. The signal from this second 
transducer is roughly -60dB down 
compared to the signal going in, so 
it is fed to another high-gain stage 
based around op amp IC2a, through 
another coupling/high-pass filter 
comprising a lOOnF capacitor and 
100kf2 resistor, with a -3dB point of 
around 16Hz. 

Switch pole Sld is shown in the on 
position; in the off position, it shorts 
the signal from the tank to ground, so 
there is effectively no reverb. 

IC2a is configured as a non-inverting 
amplifier with a maximum gain of 83 
(820k£l 4- lOkD +1). However, like ICla, 
its gain is reduced at lower frequencies 


due to the 15nF capacitor in the lower 
leg of the divider, with a -3dB point 
of around 1kHz. As before, a capacitor 
across the feedback resistor ensures 
stability and reduces gain at very high 
frequencies; in this case, it is lOpF. 

The recovered signal from the 
tank is then AC-coupled to 10kQ 
log potentiometer VR2 via a 220nF 
capacitor. VR2 Controls the level of 
the reverb signal which is fed to the 
mixer, and thus the ‘depth’ of the 
reverb effect. The resulting signal at 
its wiper is then coupled to invert- 
ing pin 6 of mixer op amp IC2b via 
a 33nF AC-coupling capacitor and 
220kQ series resistor. 

The reason for using two coupling 
capacitors with VR2 is to prevent any 
DC current flow through it, which 
could cause crackling during rotation 
as the pot ages (note that we have done 
the same with VRl). 


The mixer 

You may remember that the signal 
from VRl was fed both to the tank and 
to the mixer; after being coupled across 
the 47nF capacitor, it passes through 
a second 220k £1 series resistor to also 
reach pin 6 of IC2b. So this is the point 
at which the original and reverberated 
signals meet and you can see how VR2 
is used to vary the effect depth, as the 
louder the reverb signal is compared 
to the input signal, the more reverbera¬ 
tion will be evident. 

A third 220kQ resistor provides 
feedback from IC2b’s output pin 7 back 
to its inverting input, while the non- 
inverting input (pin 5) is connected 
to signal ground via a 75k£l resistor. 
This value was chosen to be close to 
the value of three 220kf2 resistors in 
parallel, so the source impedance of 
both inputs is similar. IC2b operates 
as a Virtual earth’ mixer, with both 
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its input pins 5 and 6 held at signal 
ground potential. 

Remember that the action of an op 
amp is to drive its output positive if the 
positive input is higher than the nega- 
tive input and negative if the situation 
is reversed. So the feedback from its 
output to its inverting input operates to 
keep both inputs at the same potential. 
Since the non-inverting input is con- 
nected to ground, the inverting input 
will be held at that same potential and 
the signals represented by the cur- 
rents howing through the three 220kQ 
resistors are mixed and appear as an 
inverted voltage at the output. 

The output of IC2b is fed to output 
RCA connector CON4 via a 22pF AC- 
coupling capacitor and 100f2 short 
Circuit protection/stabilisation resis- 
tor. The capacitor removes the DC 
bias from the output when a DC power 
supply is used. If an AC supply is used, 


the output of IC2b will already swing 
around OV so no DC-blocking capacitor 
is needed and it is linked out. 

Note that the PCB has provision for 
two back-to-back electrolytics here (for 
use with an AC supply). However, IC2b’s 
output offset should be low enough that 
most equipment that would follow the 
reverb unit (eg, an amplifier) should not 
be upset by it, hence we are not recom- 
mending that you fit them. 

Power supply 

Two different conhgurations for the 
power supply are shown in Fig.3 and 
you can choose one or the other de- 
pending on which components you fit. 
The one at top suits a transformer of 
9-15VAC (or 18-30VAC centre tapped). 
AC plugpacks can be used. The power 
supply configuration at bottom is in- 
tended for use with 12 V batteries or DC 
plugpacks and will run off 12-15V DC. 


However, it could easily be adapted 
to handle higher DC voltages of up to 
30V if necessary. 

Looking at the AC configuration at 
top, the transformer is normally wired 
to CON5. If it isn’t centre tapped, the 
connection is between pin 2 and either 
pin 1 or pin 3. For tapped transform- 
ers, the output is full-wave rectified by 
bridge rectifier BRl, while for single 
windings, the output is half-wave rec¬ 
tified. The output from BRl is then fed 
to two IOOOjliF filter capacitors and on 
to linear regulators REGl and REG2, 
to produce the ±15V rails. 

If your AC supply is much lower 
than 15V (or 30V centre tapped), you 
will need to substitute 78L12/79L12 
regulators for REGl and REG2 to pre- 
vent ripple from feeding through to 
the output. Similarly, for AC supplies 
below 12V (or 24V centre tapped), use 
78L09/79L09 regulators. 
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Fig.4: the yellow trace shows the signal fed to the spring 
tank input, while the green trace at bottom shows the signal 
at the spring tank output. 23.6ms after a pulse is applied to 
the input, it appears at the output and then a second echo 
appears around 29ms after the initial pulse. You can see the 
next set of echoes due to the signal travelling up and down 
the springs again some 45ms later and note that each set of 
echoes has opposite polarity compared to the last. 

Assuming the reverb effect is on, switch pole Slc will be 
in the position shown and so the LED within Sl will be lit, 
with around 9.3mA [(30V - 2V) 3kQ] passing through it. 

Op amp stage IClb is not used with an AC supply and 
so its non-inverting input is connected to ground and its 
output to its inverting input, preventing it from oscillat- 
ing or otherwise misbehaving. With an AC supply, the 
signal ground is connected directly to the main (power) 
ground via a link. 
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Fig.5: the same signal as shown in Fig.4 but this time at a 
slower timebase, so you can see how the reverberating echoes 
continue on for some time after the initial pulse, slowly 
decaying in amplitude. 

DC supply 

For a DC supply, such as a 12V battery, the configuration 
at bottom is used. 

If using the DC supply option with CON6 (barrel con- 
nector), it is necessary to either omit CON5 and solder a 
short length of wire between its two outer mounting holes 
(without shorting to the centre), or alternatively, fit a 3-way 
connector for CON5 and connect a wire link across its two 
outer terminals. 

Diode D5 replaces the bridge rectifier and provides re- 
verse polarity protection. The main filter capacitor is larger, 
at 2200jliF, to minimise supply ripple. 


Parts list - Spring Reverberation Unit 


1 double-sided PCB, available from the EPE PCB 


Service, coded 01104171,142 x 66mm 
1 spring reverb tank (see text) 

1 stereo RCA lead with separate shield vvires 
4 RCA sockets, svvitched horizontal or vertical 
(CON1-CON4) 

1 3-way terminal block, 5.08mm pitch (CON5) OR 
1 PCB-mount DC Socket, 2.1 mm or2.5mm İD 
(CON6) 

1 50kn logarithmic taper single-gang 16mm 
potentiometer (VR1) 

1 10kn logarithmic taper single-gang 16mm 
potentiometer (VR2) 

1 5kn mini horizontal trimpot (VR3) 

2 knobs to süit VR1 and VR2 

1 4PDT push-push latching svvitch with integral 
LED (SI) 

8 PCB pins (optional) 

1 10Omm length 0.7mm diameter tinned copper 
wire 

3 8-pin DİL sockets (IC1-3) (optional) 

Semiconductors 

2 LM833 low noise dual op amps (IC1 ,IC2) 

1 TL072 low noise JFET-input dual op amp (IC3) 

2 BD135/137/139 1,5A NPN transistors (Q1 ,Q3) 

2 BD136/138/140 1.5A PNP transistors (Q2,Q4) 

2 red 3mm LEDs (LED1 ,LED2) 

4 1N4148 signal diodes (Di -D4) 

Capacitors 

10 22|^F 50V electrolytic 

1 220nF 63/100V MKT 

2 lOOnF 63/100V MKT 

3 lOOnF multi-layer ceramic 


1 47nF 63/100V MKT 
1 33nF 63/100V MKT 
1 15nF 63/100V MKT 
1 10nF 63/100V MKT 
1 4.7nF 63/100V MKT 
1 2.2nF 63/100V MKT 
1 lOOpF ceramic 
1 33pF ceramic 
1 lOpF ceramic 

Resistors (ali 0.25W, 1%) 

1 820kD 1 470kD 3 220kD 3 lOOkD 1 75kn 

2 10kD 4 4.7kn 6 2.2kQ 1 Ikn 2 220Q 

2 100D 4 1 on 

Additional parts for 9-15VAC povvered version 

1 78L09, 78L12 or 78L15 positive lOOmA regülatör 
(REG1) (see text) 

1 78L09, 79L12 or 79L15 negative lOOmA 
regülatör (REG2) (see text) 

1 W02/W04 1A bridge rectifier (BR1) 

2 1000|aF 35V/50V electrolytic capacitors, 16mm 
maximum diameter, 7.5mm lead spacing 

1 22jıF 50V electrolytic capacitor 
1 3kn 0.25W 1% resistor 

Additional parts for 12-15V DC povvered version 

1 1N4004 1A diode (D5) 

1 2200|aF 16V electrolytic capacitors, 16mm 
maximum diameter, 7.5mm lead spacing 
1 220jıF 10V electrolytic capacitor 

1 10OnF multi-layer ceramic capacitor 

2 10kD 0.25W 1% resistors 
1 IkD 0.25W 1% resistor 

1 47D 0.25W 1% resistor 
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Fig.6: here we have a longer stimulus pulse, again shown in 
yellow, and the response shown in green on a much longer 
timebase. The reverberations continue for several seconds after 
the initial pulse but they have mostly died out after around 
two seconds (indicated with the vertical cursor). 


Fig.7: this shows the output of the Spring Reverberation 
Unit with a short 1kHz burst applied to the input. You can 
see the original pulse at the left side of the screen and the 
reverberating pulses, which have been mixed into the same 
audio signal, repeated twice with decaying amplitude. 
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For DC supply voltages above 15V, 
substitute a similarly-sized capacitor 
with a higher voltage rating such as 
2200 jliF/ 25V or 1000juF/50V. 

The current-limiting resistor for 
LED3 has been reduced to lkQ so that 
it is stili sufficiently bright with the 
reduced supply voltage, while IClb is 
configured to generate a Virtual earth 
at half supply. This is derived from the 
main supply via a 10kf2/10kQ resistive 
divider with a 220jliF capacitor across 
the bottom leg to eliminate supply rip- 
ple from the signal ground. 

Op amp IClb is configured as a 
buffer, so that the signal ground has a 
low impedance and drives it via a 47Q 
resistor, to ensure op amp stability. 

A lOOnF capacitor between signal 
ground and power ground keeps the 
high-frequency impedance of the sig¬ 
nal ground low despite this resistor. 

PCB construction 

Assembly of the PCB is straightfor- 
ward. It is available from the EPE PCB 
Service, coded 01104171 and meas- 
ures 142 x 66mm with tracks on both 
sides, and plated through-holes. Two 
overlay diagrams are shown overleaf: 
Fig.8(a) shows the component layout 
for a DC supply, while Fig.8(b) shows 
the layout for an AC supply. Differ- 
ences between the two will be noted 
in the following instructions. 

Begin by fitting small signal di- 
odes D1-D4, oriented as shown in 
Fig.8 and then use the lead off-cuts 
to form the wire links, shown in red. 
Both versions require five links to be 
fitted, but some of them are in differ- 
ent places so follow the appropriate 
overlay diagram. 

Next, fit the resistors where shown. 
While their colour code values are 
shown in the table overleaf, it’s a 
good idea to check the resistor values 
with a multimeter before fitting them 
and remember to slip a ferrite bead 


över the lead of the lOOfl resistor just 
above VRl. 

The resistors fitted to both versions 
are almost identical; besides the vari- 
ation in value of the resistor next to 
Sl, the only other difference is that the 
three resistors to the right of ICl are 
not fitted for the AC supply version. 

For the DC supply version, you can 
now fit D5, oriented as shown. 

If you are using IC sockets, solder 
them in place now, with the notched 
ends towards the top of the board. 
Otherwise, solder the three op amp ICs 
directly to the board with that same 
orientation. Note that IC3 is a TL072, 
while the other two ICs are LM833s, 
so don’t get them swapped around. 

For the AC supply version, solder 
BRl in place with its longer (+) lead 
towards upper left, as shown in Fig.8. 

Now proceed to install the two 
onboard red LEDs (LEDl and LED2) 
with the longer anode leads to the 
left (marked A on the PCB) and ali 
the ceramic and MKT capacitors in 
the locations shown in the overlay 
diagram. Polarity is not important for 
any of these capacitors. 

Note that LEDl and LED2 are lit 
as long as power is applied, so you 
could mount one of these off-board 
as a power-on indicator if necessary. 

However, we think in most cases, 
constructors will be building the 
Reverb unit into an amplifier which 
already has a power-on indicator, so 
this should be unnecessary and LEDl/ 
LED2 can simply be mounted on the 
PCB as shown. 

If you’re building the AC-powered 
version, solder REGl and REG2 in 
place now, oriented as shown. Don’t 
get them mixed up. You will probably 
need to crank out their leads slightly 
using small pliers, to süit the PCB pads. 

Now fit trimpot VR3, followed by 
illuminated switch Sl. Make sure Sl is 
pushed ali the way down onto the PCB 


before soldering two diagonally oppo- 
site pins and then check it’s straight 
before soldering the remaining pins. 

You can now install the small (22pF) 
electrolytic capacitors. These are po- 
larised and the longer (+) lead must go 
towards the top of the board in each 
case, as shown using + symbols in 
Fig.8. If building the DC-powered ver¬ 
sion, there is also one 220pF capaci¬ 
tor that you can fit at the same time, 
but make sure it goes in the position 
indicated. 

Next, mount CON5 and/or CON6, 
depending on how you plan to wire 
up the power supply. If fitting CON5, 
make sure its wire entry holes go 
towards the nearest edge of the board 
and if using a 2-way connector (for a 
DC supply), make sure it goes in the 
top two holes as shown in Fig.8(a). 

Next, fit CON1-CON4. In each case, 
you have a choice of using either a 
horizontal switched RCA socket (as 
shown on our prototype) or a vertical 
RCA socket fitted either to the top or 
the bottom of the PCB. 

Pads are provided for ali three pos- 
sibilities, and which is best depends 
on how you’re planning on running 
the wiring in your particular amplifier. 

As you will see later, we recommend 
using a stereo RCA-RCA lead to con- 
nect the main board to the tank, and 
the tank will normally be mounted 
in the bottom of the amplifier chassis 
while the Reverb board will normally 
be mounted on the front panel. So keep 
that in mind when deciding which 
RCA socket configuration to use. 

If you want to fit PCB pins for the 
test points, do so now, however it 
isn’t really necessary since the pads 
are quite easy to probe with Standard 
DMM leads. 

Transistors Ql-Q4 should be fitted 
next. Don’t get the two types mixed up; 
the BDl39s go towards the top of the 
board, while the two BDl40s go below. 
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Ali four transistors 
ar e fitte d with their 
metal tabs facing 
towards the bot- 
tom of the board 
as shown; if you’re 
unsure, check the 
photo. 

You can now sol- 
der the large electro- 
lytic capacitor(s) in 
place; the DC sup- 
ply version has one, 
located as shown in 
Fig.8 (a), while the 
AC supply version 
has two. In ali cases, 
the longer (+) lead 
goes towards the 
top of the board, as 
shown. 

The last compo- 
nents to fit to the 
PCB are potentiom- 
eters VRl and VR2.However, before in- 
stalling them you must do two things. 
First, clamp each pot in a vice and file 
off a small area of passivation on the 
top of the body, allowing you to solder 
the ground wire later on. 

Second, figüre out how long you 
need the shafts to be to süit your am- 
plifier and cut them to length. Make 
sure they’re stili long enough so that 
you can fit the knobs later! 

Now solder the two pots to the board, 
ensuring that the 10kQ pot (VR2) goes 
on the left side and then insert one end 
of a lOOmm length of tinned copper 
wire in the pad marked ‘GND’, just to 
the left of VR2, and solder it in place. 
Next, bend the wire so it contacts the 
top of the two pot bodies 
and then solder it to the 
free pad to the right, as 
shown in Fig.8, and trim 
off the excess. 

Now it’s just a matter 
of soldering this ground 
wire to the areas where 
you serap e d away the 
passivation from VRl 
and VR2. Note that you 
will need to apply the 
soldering iron for a few 
seconds for the metal to 
get hot enough for solder 
to adhere. 

Testing and set-up 

The first step is to ap¬ 
ply power and check 
the supply voltages. If 
you’ve fitted sockets, 
leave the ICs off the 
board for the time be- 
ing. Having said that, if 
you have configured the 
board for a DC supply, 
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Fig.8(a): PCB overlay to süit a DC power supply. 
Don’t forget to fit the five wire links where shown 
in red. You can fit either CON5, CON6 or both, and 
CON5 can be a two-way or three-way terminal block. 


plug in LM833 op amp ICl (taking 
çare with its orientation). 

Apply power and check that the 
voltages at the five specified test points 
are elose to the values given in Table 
1 (on the Circuit diagram). 

Voltage variation on the ‘+’ and 
test points can be expected to be fairly 
large, possibly a couple of volts either 
side of those given. Voltages at V+ and 
V- should be within about 250mV of 
the optimal values, while for DC sup- 
plies, the voltage at AGND should be 
almost exactly half that at V+. 

If you’ve fitted sockets, cut power 
and plug in the remaining ICs. Don’t 
get IC3 (TL072) mixed up with the 
other two ICs, which are LM833s. 


In each case, the pin 1 dot must go 
towards the top edge of the PCB, as 
shown in Fig.8. Re-apply power for 
the remaining steps. 

Measure the voltage between the 
two test points labelled ‘OFFSET’ in 
the upper-right corner of the PCB. You 
should get a reading below lOOmV. If 
not, switch off and check for solder¬ 
ing problems or incorrect components 
around IC3a and IC3b. Assuming the 
reading is low, slowly rotate trimpot 
VR3 and check that you can adjust it 
near zero. It should be possible to get 
the reading well under lmV. 

If you have appropriate cables 
or adaptors, you can now do a live 
signal test. Use a stereo RCA/RCA or 



This is the ‘DC’ powered version of the Spring 
Reverberation Unit , as shown in Fig.8(a) above. 
The AC-powered version is slightly different, so 
if building that one, follow the overlay diagram 

shown above right. 
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Fig.8(b): PCB overlay to süit an AC power supply. Do 
fit the five wire links where shown in red. Depending 
on the AC supply voltage, REG1/REG2 should be either 
7809/7909, 7812/7912 or 7815/7915 regulators - see text. 


RCA/3.5mm-plug cable to connect a 
mobile phone, MP3 player or other 
signal source to CONl. Turn VRl and 
VR2 fully anti-clockwise. Use a cable 
with RCA plugs at one end and a 3.5mm 
stereo Socket at the other end to connect 
a pair of headphones or earphones with 
a nominal impedance of at least 16f2 
(ideally 32Q or more) to CON4. 

Power up the board, start the signal 
source and slowly advance VRl. You 
should hear the audio signal passing 
through the unit undistorted. 

Now you can use a stereo RCA/RCA 
lead to connect the main board to the 
tank, via CON2 and CON3, matching 
up the labels on the board with those 
on the tank. 

The tank should be placed on a 
level surface with the öpen part facing 
down. Continue listening to the signal 
source, then advance VR2. You should 
hear the reverb effect. If you’re unsure, 
pause the audio source and you should 
continue to hear audio for several sec- 
onds until the reverb dies out. 

That’s it - the Spring Reverberation 
Unit is fully functional. 

Installation 

The tank should be installed with the 
öpen end down because the spring 
suspension is designed to work op- 
timally in that position. Use the four 
corner holes to mount it since the 
tank is microphonic and these are 
designed to provide some isolation 
to prevent bumps from upsetting the 
springs too much. It would probably 
be a good idea to add extra rubber 
grommets under each spacer and 
avoid compressing them too much, 
for extra isolation. 

As for mounting the PCB, you have 
three options. Option one is to mount 


it somewhere on the front panel of the 
amplifier so that switch Sl and poten- 
tiometers VRl and VR2 are easily ac- 
cessible. You then simply connect it to 
the tank using a stereo RCA/RCA lead. 

If the panel it’s mounted on is thin 
enough, it can be held in place using 
the two potentiometer nuts, although it 
would be a good idea to attach a small 
right-angle bracket to the mounting 
hole between the two pots, on the un- 
derside of the board via an insulating 
spacer, to provide a third anchor point 
on the panel. 

The second possibility is to fashion 
a bracket from a sheet of aluminium 
with four holes drilled in it, matching 
the mounting holes in the board, with 
the side near the front of the board bent 
down and additional holes drilled in 
this flange for attachment to the front 
panel of the amp. You can then use 
self-tapping or machine screws to at¬ 
tach this bracket to the amp and then 
the board to the bracket. For bonus 
points, earth the aluminium bracket 
back to the GND pad on the PCB, to 
provide some shielding. 

The third possibility is to leave Sl, 


it on top of the tank 
itself. We suggest 
using a long insulat¬ 
ing spacer attached 
to one of the free 
holes on the tank’s 
flange, supporting 
the PCB via the 
front or rear mount¬ 
ing hole, with a lib¬ 
eral application of 
thick double-sided 
foam tap e on top of 
the tank to support 
the PCB. 

You will need 
to trim the com- 
ponent leads care- 
fully to make sure 
they can’t poke 
through the foam 
tape and short on 
the top of the tank. 
In fact, it would be 


a good idea to silicone a sheet of plas- 
tic on top of the tank before applying 
the tape to provide extra insulation. 

You would then mount Sl, VRl and 
VR2 wherever suitable and connect 
them back to the board using twin-core 
shielded cable for VRl and VR2 (with 
the shield to the left-mount [ground] 
pin in each case). For the connections 
to Sl, use regular shielded cable with 
the shield wired to the pin connected 
to ground and the Central conductor for 
the audio pin, and a section of ribbon 
cable for the LED connections. 

Using it 

Using the Spring Reverberation Unit is 
straightforward. Push Sl in to enable 
reverb and push it again so it pops 
out to disable reverb. When reverb is 
enabled, Sl will light. 

Adjust VRl to give a near-maximum 
output level without clipping and then 
tweak VR2 until you get the desired 
reverberation effect. 

With VR2 fully clockwise, the effect 
is overwhelming; you will probably 
find it most useful somewhere between 
10 o’clock and 2 o’clock. 



socket. Ali Controls are on the PCB for this project. 


Everyday Practical Electronics, April 2018 


21 






























































































































































EXCLUSIVE OFFER 


Wln a Mlcrochlp 
PICDEM Lab 
Development Klt 

E VERYDAY PRACTICAL ELECTRONICS is offering its readers the chance to win a PICDEM Lab Development Kit 
(#DM163045). The Kit is designed to provide a comprehensive development and learning platform for Microchip’s 
FLASH-based 6-, 8-, 14-, 18- and 20-pin 8-bit PIC microcontrollers. Geared tovvard first-time PIC microcontroller users 
and students, the development kit is supplied with five of our most popular 8-bit PIC microcontrollers and a hoşt of discrete 
components used to create a number of commonly used circuits. Expansion headers provide complete access/connectiv- 
ity to ali pins on the connected PIC microcontrollers and ali mounted components. 

Asolderless prototyping block is included for quick exploration of the application examples described in the ‘hands-on’ labs 
included in the user’s guide. These labs provide an intuitive introduction to using common peripherals and include useful 
application examples, from lighting an LED to some basic mixed signal applications using the free HI-TECH C PRO for the 
PIC10/12/16 MCU Family Lite Mode Compiler. 

Alternately, a companion guide featuring the free version of Matrix Multimedia’s Flovvcode V3 Visual Programming 
Environment (VPE) provides a flowchart-based method of implementing a series of introductory labs. 

A free version of Flovvcode V3 can be dovvnloaded on the Microchip vvebsite. 

Completing the kit are Microchip’s PlCkit 3 Programmer/Debugger, vvhich should be used for development purposes only, 
and a süite of free softvvare tools that enable original applications to be developed guickly. 



HOW TO ENTER 

For your chance to win a PICDEM Lab Development Kit, please visit www.microchip-comps.com/epe-piclab 
and enter your details in the entry form. 


CLOSING DATE 

The closing date for this offer is 30 April 2018. 


December 2017 ISSUE VVINNER 

Mr Adam Hill-Merrick from SigmaS 
Swanley, Kent a ’ 

He won a Microchip MPLAB ICD 4 
" Circuit Debugger, valued at £187.00 
















PIR and RF Data PIC Training 

Course 2nd Edition by Peter Brunning 

If you want to expand your knovvledge of radio 
Communications this course will excite your interest. İt 
centers around our new GPIC28rfv5H general purpose 
PIC Circuit. This has sockets to fit ali the attachments 
shown in the picture. Clockvvise from 10 to 10 - PIR 
motion detector, keypad, nRF24L01 + 2.4Ghz transceiver, 
nRF905 433/868/915Mhz transceiver, DC power lead, 
loud speaker, LCD, simple 433Mhz receiver, simple 
433Mz transmitter. The GPIC28rfv5H can be programmed 
using a Brunning Softvvare programmer with BSPVVA or 
using a PICkit3 with MPLAB-X. 

We start with simple experiments to understand the 
GPIC28rfv5H. Run the RGB LED, vvrite text to the 
LCD and use the keypad to input numbers. Then we 
start the PIR and radio frequency experiments using 
two GPIC28rfv5H. We use the simple Tx and Rx to 
understand the makeup of the data stream. Then we use 
the 433Mhz transceiver to create a movement detector 
system with a Central receiver displaying the data. We 
repeat the experiments using the 2.4Ghz transceiver. Then we build a 2.4Ghz yagi antenna to measure the radiation 
around us. Microvvave öven is top, mobile and vvideband not far behind. We scan the nRF24L01+ across its band as a 
signal generator to get a reference. 238 page book 240 x 170mm vvirobound to öpen flat, two sets of essential components, 
and PCB with microvvave diode fitted for yagi, £145 including UK carriage. See vvebsite for details. 

The Brunning Software P955H 
PIC Training Course 

Imagine giving a Thomas Plardy book to a child vvho has just learnt to read. 

The child cannot understand the book so vve create a nevv language vvithout 
the complications. Plovv absürd! So vvhy do it vvith Computer languages? The 
correct technique is to avoid the complications not to revvrite the language. 

The first book teaches absolute beginners to vvrite PIC programmes using 
assembler vvhich is the natural language of the PIC. We use a relatively 
simple 8 bit PIC, simple programming techniques, and inspire the 
reader vvith immediate success. İn the space of 24 experiments tvvo 
projects and 56 exercises vve vvork through from absolute beginner 
to experienced engineer level. The second book introduces the C 
programming language for 8 bit PICs in very simple terms. The 
third book teaches Visual C# programming for the PC so that vve 
can create PC programmes to control PIC circuits. 

İn the fourth book vve learn to programme 32 bit MX PICs using 
fundamental C instructions.This is quite straight forvvard to start 
vvith as most of the code is the same as already used vvith 8 bit PICs. 

Then life gets more complex as vve delve into serial communication 
vvith the final task being to create an audio oscilloscope vvith 
advanced triggering and adjustable scan rate. 

The complete P955H training course is £254 including P955H training Circuit, 4 books (240 x 170mm 1200 pages 
total), 6 PIC microcontrollers, PIC assembler and programme text on CD, 2 USB to PC leads, pack of components, 
and carriage to a UK address. To programme 32 bit PICs you vvill need to plug on a PICkit3 vvhich you need to buy 
from Microchip, Farnell or RS for £43. 

Prices start from £170 for the P955H training Circuit vvith books 1 and 2 (624 pages total), 2 PIC microcontrollers, 

PIC assembler and programme text on CD, USB to PC lead and carriage to a UK address. PICkit3 is not needed for 
this options. See vvebsite for full details.. 



Web site:- www.brunningsoftware.co.uk 

Brunning Software 


Mail order address: 

138 The Street, Little Clacton, Clacton-on-sea, 
Essex, C016 9LS. Tel 01255 862308 




























It can produce sine, triangle 
or square waveforms from 
1Hz to 10MHz, with ±0.005% 
frequency accuracy; plus, it also 
has a sweep function. Its touchscreen LCD 
makes it very easy to drive and you can use it 

for audio or RF applications. by Geoff Graham 


T his project combines a low-cost 
DDS function generator modüle 
with our touchscreen Micromite LCD 
BackPack modüle (first described in 
the May 2017 issue) to create a re- 
markably capable signal generator 
at a low price. It can generate sine, 
triangle and square wave signals from 
1Hz to 10MHz, and you can specify 
that frequency with 1Hz resolution. 

The Direct Digital Synthesiser (DDS) 
function generator modüle produces 
the actual waveforms, while the Micro¬ 
mite Controls it and provides an easy- 
to-use graphical user interface (GUI). 

As well as generating the basic wave- 
forms, this unit can also act as a sweep 
generator, allowing you to test the fre- 
quency response of filters, speakers, IF 
(intermediate frequency) stages (in su- 
perheterodyne radios) and more. 

Other features include an adjust- 
able output level, selectable amplitude 
modulation for the sinewave output 
and a selectable log/linear function 
for the frequency sweep. 

Many would consider a signal gen¬ 
erator to be the next most useful tool 
to have on a workbench after the mul- 
timeter and oscilloscope. While this 
device will not compete with a £1000 
synthesised signal generator, it does 
provide the basics at a tiny fraction 
of the cost. 

The DDS function generator modüle 
is fully assembled and can be pur- 
chased for about £10 on eBay or 


AliExpress. Combined with the 
Micromite BackPack (which uses 
fewer than a dozen components), you 
can build the whole project in under 
an hour and without breaking the bank. 

Analog Devices AD9833 

The AD9833 waveform generator IC is 
the heart of the signal generator mod¬ 
üle used in this project. It uses DDS 
to generate its output. 

Normally, it is difficult to digitally 
generate a relatively püre, variable fre- 
quency sinewave. Even the best Wein 
bridge (analogue) oscillators are noto- 
riously difficult to stabilise and cannot 
be controlled över anywhere near the 
range of frequencies that this DDS unit 
can produce. 

DDS involves a high-speed digital- 
to-analogue converter along with a 
ROM lookup table, a phase accumula- 
tor and possibly digital interpolation 
to produce a relatively püre, variable 
frequency waveform. 

The waveform shape can be changed 
by using a different lookup table or us- 
ing a reprogrammable lookup table. In 
other words, DDS is somewhat similar 
to digital audio playback from a Com¬ 
puter or compact disc, but it normally 
operates at a much higher frequency. 

For those who wnt to study the DDS 
chip in detail, we’ll have a separate 
article on the AD9833 DDS IC and 
modules that are based on it in the 
June issue of EPE. 


Frequency precision 

Because the AD9833 modüle uses a 
crystal-controlled oscillator to pro¬ 
duce the sample clock, the precision 
of the output frequency is determined 
by the precision of the crystal. 

With the specified modüle, this is 
better than ±50ppm (our prototype 
achieved about ±10ppm). This also 
means that calibration will not be 
required and the frequency will not 
drift with time. 

For example, if you set the output 
to 1MHz, you can expect it to typical- 
ly be between about 999.999kHz and 
1000.001kHz, or in the worst case, be- 
tween 999.995kHz and 1000.005kHz. 

Another benefit of DDS is that the 
phase of the output will not change 
when the frequency register is updated, 
and this in turn means that the output 
waveform will not have a glitch at the 
time of the change. This is vital for 
generating sweeps as it allows the fre- 
quency to be changed smoothly from 
one end of the sweep range to the other. 

Because the waveform is digitally 
created with 1024 steps for each sine- 
wave quadrant, the output is not per- 
fectly smooth. The resulting harmonic 
distortion means that it is not quite 
good enough for noise or distortion 
measurements; its signal-to-noise ratio 
is about -60dB and its total harmonic 
distortion is typically 0.05%. 

Having said that, it is more than ad- 
equate for general purpose tasks and 
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General 

Frequency accuracy: ±50ppm 

Power supply: 4.5-5.5V DC at 350mA maximum 

Output level: lOmV to 3V peak-to-peak (~3mV to ~1 V RMS), 20Hz to 1MHz 

Sinewave mode 

Frequency: 1 Hz to 10MHz with 1 Hz resolution 

Output level: as above up to 1 MHz, reducing to 0.8V peak-to-peak at 10MHz 
Amplitude modulation: on/off (1kHz square wave) 

Triangle wave mode 
Frequency: 1 Hz to 1 MHz with 1 Hz resolution 

Square wave mode 

Frequency: 1 Hz to 1 MHz with 1 Hz resolution 

Sweep mode 
Waveform: sinewave only 

Frequency start/stop: 1 Hz to 1 MHz with 1 Hz resolution 
Sweep period: 50ms, lOOms, 500ms, Is, 2s 
Sweep law: linear or exponential 
Trigger output: 250ps positive pulse at start of sweep 


the ability to quickly and accurately 
set the output frequency makes it a 
pleasure to use. 

DDS modüle with gain control 

The output of the AD9833 IC is about 
0.6V peak-to-peak, so the function 
generator modüle that we are using 
includes a high-bandwidth amplifier 
based on the AD8051 rail-to-rail op 
amp. This can drive low-impedance 
loads (eg, 50W) and provide higher 
output levels (up to 3Vpeak-to-peak). 

To control the gain of the output 
amplifier, the modüle uses a Micro- 
chip MCP41010 8-bit digital potenti- 
ometer, which is under control of the 
Micromite (along with the AD9833). 
The bandwidth restrictions of the 
MCP41010 potentiometer result in a 
reduction in the output signal level 
above about 2MHz. 

The output is stili good for up to 
10MHz, but the signal level for sin- 
ewaves will be reduced and the trian¬ 
gle and square waves will look more 
like sine waves, so we have specified 
both of these up to 1MHz maximum. 

Micromite LCD BackPack 

As with a number of our recent 
projects, this one is based on the 
Micromite LCD BackPack and relies on 
the touchscreen interface on the LCD 
panel to set the frequency and output 
levels - there are no switches or knobs. 

The program is written in BASIC 
and because it is stored in plain text, 
you can see how it works and if you 
have the inclination, modify it to 
süit your personal preferences. For 


example, you can easily change the 
colours or add a special feature. 

The Micromite LCD BackPack was 
describedin the May 2017 issue of EPE 
and uses fewer than a dozen compo- 
nents. If you’re reasonably experienced, 
you can build it in around half an hour. 
It includes a 3.3V regülatör, the 28-pin 
Micromite PIC32 chip and touch-sen- 
sitive LCD screen. A complete kit is 
available from micromite.org - your 
one-stop shop for ali things Micromite. 

Note that if you want to try out the 
BASIC program for this project, you 
can do it on any Micromite with an 
ILl9341-based LCD panel connected; 
you do not need a DDS function gen¬ 
erator modüle. 

This is because the Micromite only 
sends commands to the AD9833 and 
MCP41010; it does not look for a 
response (and neither chip provides 
one anyway). So it won’t know the 
difference; you simply won’t get any 
signal output. 

Driving it 

In operation, the signal generator is 
quite intuitive, with everything con- 
trolled via the colourful touchscreen 
LCD panel. Probably the best way to 
appreciate this is by looking at the 
screen shots. 

At the bottom of every screen are 
four touch-sensitive icons which are 
used to select the operating modes: 
sine, triangle, square wave and sweep. 
Touching one of these will immedi- 
ately switch to that mode. 

Starting with the sinewave mode 
(shown in Screenshot 1), the frequency 


Frequency (Hz) 

0 001000 


□ AM 

(1 KHz 


Level 
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Screenshot 1: this is the screen displayed 
for a sinewave output. The frequency can 
be changed by selecting a digit to change 
and touching the red up/down buttons. 
The signal level (expressed as a percentage 
of fiili scale) can be similarly adjusted. 
The check box marked AM will enable a 
1kHz square wave amplitude modulation. 


is adjusted by touching the red up/ 
down buttons on the right of the 
frequency display. The least-signifi- 
cant digit that you want to change can 
be specified by touching that digit and 
it will then be highlighted in blue. 

A single touch on either the up or 
down buttons will increment or dec- 
rement the frequency, but if you hold 
the button down, the frequency will 
increment or decrement with increas- 
ing speed. 

While you are adjusting the display 
in this way, the output frequency will 
follow in real time so it is easy to scan 
through a range of frequencies to find 
the one that you want. 

If you want to simply jump to a 
specific frequency, you can touch 
and hold a digit on the display and 
an on-screen numeric keypad will 
pop up, allowing you to directly key 
in the frequency that you want (see 
Screenshot 2). 

Touching the SAVE button on this 
keypad returns to the main screen 
with that frequency set, while the 
DEL button will delete the last digit 
entered. 

The process to adjust the signal 
level is similar, although you do not 
need to select a digit as the up/down 
buttons will always change the least 
significant digit. 

Touching a digit in the level display 
will also take you to a numeric keypad 
where you can enter a specific level 
in the range from zero to 100% of full 
scale (about 3V peak-to-peak). 

The sinewave screen has a check 
box for turning on or off amplitude 
modulation at 1kHz. This simply mod- 
ulates the output with a 1kHz square 
wave and is useful for signal tracing in 
AM radios, both broadcast and short- 
wave, up to 10MHz. 

The triangle waveform screen is 
similar to sine except that it does not 
provide an AM facility (see Screenshot 
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Screenshot 2: you can enter a precise 
frequency or signal level by touching and 
holding the frequency or level display. 
This keyboard will then appear so you 
can enter the value. The DEL key deletes 
the last number entered and the SAVE 
button saves the value and returns to 
the main screen. 


Screenshot 3: the screen for generating 
the triangle waveform output is similar 
to that used for sinewaves. Along the 
bottom of the screen, the four touch 
sensitive icons are used to select the 
four operating modes - sine, triangle, 
square wave and sweep. 


Frequency <Hz) 

0 II 0 000 

Level 
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Screenshot 4: the DDS modüle does 
not allow you to change the level of 
the square wave output so this is fixed. 
Frequency selection is the same as the 
other modes - the frequency is changed 
by selecting the least-significant digit to 
change and touching the red up/down 
buttons. 



Screenshot 5: the sweep output screen 
allows you to select the start frequency, 
end frequency, signal level, the sweep 
time and whether an exponential sweep 
is required. Touching entries like the 
start frequency makes a numeric keypad 
appear so you can key in the value that 
you want. 


3). The square wave screen (shown 
in Screenshot 4) is also similar to the 
other two except that you cannot 
change the signal level (the MCP41010 
digital potentiometer is not suitable for 
attenuating square waves). 

Ali the changes that you make, in- 
cluding the waveform selection, are 
automatically saved in non-volatile 
memory and are recalled on power up. 
This means that when you turn on the 
signal generator, it will start up with 
exactly the same settings that you were 
using the last time. 

Sinevvave sweep 

The sweep screen (Screenshot 5) uses 
a different screen layout. To select the 
start and end frequencies, you simply 
touch the frequency that you need to 
change and enter the specific frequency 
on the pop-up numeric keypad. You 
can select any frequency that you wish 
- you could even sweep ali the way 
from 1Hz to 10MHz if you wanted to. 

The output level is selected in a 
similar way, just touch the level dis¬ 
play and a numeric keypad will pop 
up allowing you to enter that setting. 

The sweep period works slightly dif- 
ferently; it will change every time you 
touch it, allowing you to step from a 
50ms sweep time up to two seconds 
before wrapping around to 50ms again. 
Normally, the frequency sweep is per- 
formed in a linear manner with time, 
but you can select an exponential 
(ie, inverse log) sweep with the ‘Log’ 
check box. 
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With a linear sweep, it would take 
twice as long to go from 200Hz to 
400Hz as it would from 100Hz to 
200Hz. With an exponential sweep, it 
takes the same amount of time to go 
from 200Hz to 400Hz as it does from 
100Hz to 200Hz, as both require a 
doubling in the output frequency. 

This sounds more natural to 
human ears as doubling the frequency 
is equivalent to going up by one octave 
on a musical instrument. 

The swept output is always a sine- 
wave and at the start of the sweep, 
the Micromite generates a 250ps 
positive-going pulse on its pin 16 
output, which is connected to the 
trigger output socket. 

This signal can be used to trigger 
an oscilloscope so that it can lock 
onto the start of the sweep cycle for 
analysing the frequency response of 
a Circuit or device. 

Circuit details 

The signal generator essentially 
consists of just two packaged mod- 
ules connected together, hence the 
Circuit is quite simple - see Fig.l. 

There are six connections between 
the Micromite LCD BackPack and the 
DDS function generator modüle. These 
are for power (+3.3V and ground), the 
serial data lines to the DDS (DAT and 
CLK) and two additional signals: FSY, 
which when pulled low selects the 
AD9833 DDS chip as the recipient of 
serial data and CS, which similarly is 
pulled low when the MCP41010 digi- 
tal potentiometer is being sent a com- 
mand via the serial bus. 

The DDS modüle can run from 5V, 
but we are using the regulated 3.3V 
supply rail from the Micromite LCD 
BackPack to avoid possible problems 
caused by potential noise from the out¬ 
put of a 5 V USB charger. This noise can 
upset the AD9833 and MCP41010 ICs, 
which do need a clean power supply. 

There are two outputs on the DDS 
modüle. One is labelled V 0UT and 
this is a fixed direct-coupled output 
from the AD9833 waveform genera¬ 
tor (about 0.6V peak-to-peak). But we 
are using the PGA (programmable gain 
amplifier) output of the modüle and it 
is AC-coupled to two RCA sockets, one 
at the full output level and the second 
attenuated by a factor of 10. 

Combined with the MCP41010 digi- 
tal potentiometer in the DDS modüle, 
this gives an output range from lOmV 
to 3V peak-to-peak (equivalent to 
3.5mV to 1.06V RMS). 

The use of the 470pF coupling 
capacitor means that the output is 
usable to below 10Hz even into a 600W 
load. The parallel lOOnF capacitor ca- 
ters for higher frequencies, essentially 


bypassing any internal inductance of 
the larger capacitor. 

The output from the modüle will 
swing from a little above ground to 
some maximum voltage determined by 
the MCP41010 digital potentiometer, 
below 3.3V. 

If you will be primarily using the 
signal generator for testing digital 
circuits, you might prefer to dis- 
pense with AC-coupling and use DC 
coupling instead. You could even 
install a toggle switch to switch 
between these modes. 

Similarly, you could use a switch 
to select different output attenuation 
levels if you wish. And you might con- 
sider using BNC sockets instead of the 
RCA sockets that we used. 

The trigger output has simply been 
connected to output pin 16 of the 
Micromite LCD BackPack. You may 
wish to include a low-value series re- 
sistor (eg, lkW or less) to protect the 
Micromite LCD BackPack from static 
discharge or accidental application of 
voltage to this terminal; it should not 
affect the trigger signal greatly. 

Purchasing the correct modüle 

If you search eBay or AliExpress for 
‘AD9833’, you will find plenty of DDS 
modules (över 100 hits). However, 
you must be careful to purchase the 
correct modüle - there are a number of 
variations available and the firmware 
is written specifically to süit the modüle 
that we have pictured here. 

It will probably not work with 
other modules, even if they also use 
the AD9833. So, check that the pho- 
tograph matches perfectly and do not 
purchase anything different. Here is 
one which should be suitable: http:// 
bit.ly/2GpJHXD 

Many of the photos on eBay show 
the modüle with the 1/O connector and 
SMA output socket already soldered 
to the board, but ali the vendors that 
we purchased from supplied these 
two components separately. We did 
not find the SMA socket necessary in 
our application, but you could fit it if 
you want to. 

Construction 

Construction mostly involves assem- 
bly of the Micromite LCD BackPack 
and then mounting and connecting 
the DDS function generator modüle. 

The Micromite LCD BackPack PCB 
is silk-screened with the component 
placement and values, so it is simply a 
case of populating the board and plug- 
ging it into an ILl9341-based LCD panel. 

We suggest you use the 2.8-inch ver- 
sion of the Micromite LCD BackPack, 
and this is fully covered in the May 
2017 issue of EPE. 


If you have a PIC32 chip that is 
already programmed with MMBa- 
sic firmware then you will need to 
set up the LCD panel for display and 
touch, then load the BASIC code 
into the chip using a serial console.A 
detailed explanation of how to do this is 
provided in the Micromite UserManual 
and the May 2017 issue of EPE. 

However, ifyourPIC32 chip isblank, 
you can load MMBasic and the code 
for this project simultaneously by pro- 
gramming it with the file SigGenerator. 
hex, which can be downloaded from 
the EPEwebsite (along with the BASIC 
code). You will need a PIC32 program- 
mer such as the PlCkit 3 or the cheap 
DIY PIC32 programmer described in 
the Nov ’16 issue of EPE. 

If you do not have such a device, 
you can simply purchase a fully 
programmed microcontroller from 
micromite.org 

Regardless, if your chip is pro¬ 
grammed with SigGenerator.hex, ali 
that you need do is plug the chip into 
its socket and connect the DDS mod¬ 
üle and you are ready to go. 

The only point that you need to be 
aware of is that the touch calibration 
in the above firmware was done with 
a Standard LCD panel. However, yours 
might require re-calibration if it is 
significantly different from the one 
that we used. 

This can be done by connecting a 
USB-to-serial converter to the console, 
halting the program with CTRL-C and 
running the calibration routine by is- 
suing the ‘GUI CALIBRATE’ command. 

For further information, see the May 
2017 Micromite LCD BackPack article 
or the Micromite User Manual (which 
can be downloaded from Geof Gra- 
ham’s website: http://geoffg.net 

Putting it in a box 

The Micromite LCD BackPack fits 
neatly into a Standard UB3 plastic 
box, as we have done with similar 
projects based on the BackPack. 

The easiest way is to use the laser- 
cut acrylic front panel which replac- 
es the Standard lid supplied with the 
box and is normally supplied with 
the kit. This provides a neat look- 
ing assembly with the display and 
Micromite LCD BackPack securely 
fastened. 

You can purchase this panel from the 
EPE PCB Service, coded DDS Sig Gen 
Lid at www.epemag.com separately 
in either black, blue or clear colours. 

Note that this panel is thicker than 
the lid supplied with the UB3 box, so 
the self-tapping screws supplied with 
the box may not be long enough. In that 
case, replace them with No.4 x lOmm 
self-tapping screws. 
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Interior view of the Touchscreen DDS Signal Generator showing the connections made from the Micromite BackPack to 
the modüle and internal connectors. You do not have to solder the extra through-hole components the way we did, as the 
UB3 jiffy box provides a fair bit of clearance. 


The first stage of assembly is to 
attach the LCD panel to the acrylic lid 
using an M3 x lOmm machine screw, a 
single M3 washer and an M3 x 12mm 
tapped spacer at each corner. 

This arrangement ensures that the 
surface of the LCD sits flush with the 
acrylic lid. Then, the backpack should 
be plugged into the LCD and fastened 
by M3 x 6mm machine screws to each 


spacer. Details of the full assembly are 
shown in Fig.2. 

The LCD and the Micromite LCD 
BackPack require a 5V power supply 
with a minimum capacity of 300mA. 
For this, you can use a 5V plugpack 
or a USB charger. 

You can also find USB Type A 
to DC charging cables on eBay or 
AliExpress, which circumvents the 


need for cable rewiring. If you are us¬ 
ing a plugpack, make sure that it is 
regulated and that its unloaded output 
does not rise above 5.5V, as this could 
cause damage. 

For a USB charger, a suitable power 
cable can be made by cutting off one 
end of a Standard USB cable (retain- 
ing the Type A connector on the other 
end) and soldering the free end to a 



The Touchscreen DDS Signal Generator 
is based on this pre-assembled DDS 
fiınction generator modüle which uses the 
Analog Devices AD9833 to generate the 
signal. It’s amplified by an AD8051 high- 
speedop amp, andaMicrochipMCP41010 
digital potentiometer Controls the gain. 



Fig.2: the DDS modüle is mounted in the bottom of the box using M3 machine 
screws, nuts and nylon nuts as spacers. By contrast, the BackPack is attached to 
the underside of the laser-cut lid. The wiring is not shown in this diagram. 
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Parts List 


1 2.8-inch Micromite LCD BackPack modüle; see the May 2017 issue of 
EPE (kit available from micromite.org) 

1 DDS function generator modüle with AD9833, AD8051 and MCP41010 
ICs (see text and photos) 

1 UB3 ‘jiffy’ plastic box 

1 pre-cut plastic lid to süit BackPack and UB3 box 
1 USB charger plus USB cable with a male Type A connector on one end 
(alternatively, a USB Type Ato DC connector charging cable) 

OR 

1 5V regulated plugpack 
1 matching chassis-mount DC barrel Socket 

6 flying leads (120mm) with single pin female headers (DuPont connectors) 
on each end 

5 flying leads (120mm) with single pin female headers (DuPont connectors) 
on one end and bare wire on the other 
1 6-pin right-angle male header 
4 No.4 x lOmm self-tapping screvvs 
4 M3 x 10mm tapped nylon spacers 
8 M3 x lOmm machine screvvs 
4 M3 x 6mm machine screvvs 
4 M3 nylon vvashers 
12 M3 nylon nuts 

Capacitors 

1 470pF 16V electrolytic 
1 lOOnF multi-layer ceramic 


COMPETITION! 


See Page 49 for 
K ph”b'eıf8iwmra , ’ 
Micromite BackPack! 


Resistors (ali 0.25W, 5%) 

1 820Q 1 470Q 

1 56Q 


Reproduced by arrangement 
with SILICON CHIP 
magazine 2018. 
www.siliconchip.com.au 


suitable DC power plug. The red wire 
in the USB cable (+5V) should go to 
the centre pin of the plug and the black 
to the sleeve. The other two wires (the 
signal wires) can be cut short as they 
are not used. 

A matching DC Socket for incom- 
ing power can be mounted on the 
side of the UB3 box. Two flying leads 
from this socket should be fitted with 
female header sockets (also known as 
DuPont connectors) which fit över the 
BackPack’s power header pins (CONl). 
Fig.3 illustrates the complete assembly. 

The DDS function generator mod¬ 
üle can be mounted on the base of 
the UB3 box using four M3 machine 
screws and nuts. Use nylon M3 nuts 
as spacers between the base of the box 
and the modüle. 

You need to select a spot for the 
modüle that will not foul the underside 
of the Micromite LCD BackPack PCB, 
particularly CONl and C0N2 which 
extend close to the bottom of the box. 

Finally, connect flying leads from the 
modüle to the required pins on CON2 on 
the Micromite LCD BackPack and from 
the DDS outputs to the RCA (or BNC) 
connectors. 

The most convenient method of 
mounting the output capacitor and 
resistors is to solder them directly 
onto the RCA/BNC connectors. Fig.4, 
overleaf, provides a convenient 
summary of ali the connections to the 
DDS modüle. 

We suggest that you wire up the 
connections from the modüle to the 
Micromite LCD BackPack using leads 
with female header sockets (DuPont 
connectors) at each end. These will 
simply plug onto the headers on both 
modules, which makes it easy to re- 
move and/or replace the modüle if 
necessary. 

Altronics have suitable pre-assem- 
bled leads (Cat P1017) as do Jaycar 
(VVC6026) or search eBay or AliExpress 
for ‘DuPont Jumper’. 

Testing 

Before connecting the DDS function 
generator modüle, confirm that the 
Micromite LCD BackPack is working 
correctly and has been programmed 


with the BASIC code. The testing 
procedure is described in the Micro¬ 
mite UserManual and also in the May 
2017 issue. 

Then it should simply be a matter 
of connecting the DDS modüle and 
checking its output. If it does not ap- 
pear to be working, your first action 
should be to carefully re-check each 
connection. Then measure the voltage 
across the pins marked Vcc and GND 
on the modüle, which should give 
precisely 3.3V. 

Remember that the modüle does 
not provide any feedback to the Mi¬ 
cromite so the LCD might show the 
frequency, level ete and look like it 
is working but this does not mean 
that the modüle is actually alive and 
reacting to these commands (it is a 
one-way communication path). 


If you have an oscilloscope or logic 
analyser, you can monitor the pins 
labelled FSY, CLK and DAT on the 
modüle. 

Every time you change the frequen- 
cy you should see a burst of data on 
these pins. Similarly, the pins labelled 
CS, CLK and DAT will show a burst of 
data when the signal level is changed. 
If these are not present, re-check the 
Micromite LCD BackPack and its 
connections. 

A final test is to connect an LED 
with a suitable current-limiting resis- 
tor or an old fashioned moving-eoil 
multimeter directly to the output of 
the modüle and set the signal genera¬ 
tor to a 1Hz square wave. 

You should see the LED or meter 
responding to the 1Hz output. If not, 
the simple option is to replace the DDS 
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TYPE A MALE PLUG 
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CONl POWER 
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Fig.3: the Touchscreen DDS Signal Generator is powered from a Standard USB plugpack charger. To make a suitable power 
cable, cut one end off a USB cable (maintaining the type A male connector at the other end) and solder the red wire to the 
centre terminal pin of a DC plug and the black wire to the outer barrel connection. The matching DC socket is mounted on 
the side of the UB3 box and is connected to CONl on the BackPack PCB. 
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Fig.4: an overview of ali the connections to the DDS modüle. 

Flying leads can be used to connect the modüle to the BackPack 
and to the output connectors. The resistors and capacitors shown can 
be soldered directly between the output connectors. 
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modüle. Scope 1-4 show waveforms 
that have been generated using the 
DDS Signal Generator. 

Firmware updates for the Micromite 
and the BASIC software for the DDS 
Signal Generator will be provided on 
the author’s website at: http://geoffg. 
net/micromite.html 



We strongly recommend you make micromite.org your first port of cali when 
shopping for ali Micromite project components. Phil Boyce, who runs micromite. 
org, can supply kits, programmed ICs, PCBs and many of the sensors and other 
devices mentioned in recent articles - in fact, just about anything you could want 
for your Micromite endeavours. Phil works closely with Geoff Graham and is 

knovvledgeable about the whole series of Micromite microcontrollers. 

... . „ ~— . ,. . . . . . .. 




Scope 1-4: These scope captures show typical output waveforms. The sinewave output is reasonably smooth despite being 
digitally created. There is some harmonic distortion, which means you cannot use this project for precise noise and distortion 
measurements, but it and the other outputs are quite suitable for general purpose tasks. The final scope capture shows a 
short sweep between 20Hz and 50Hz. 


30 


Everyday Practical Electronics, April 2018 



















































































'ütoaaa 


In the December 2017 issue we had a short 
article on building a no-frills Arduino-based 
digital Theremin. This month we show how to 
add a second sensor to the Theremin, which 
is used to control volüme. 


Y ou can’t really cali something a Theremin’ if ali it 
does is alter pitch. So we decided to improve on the 
Theremin kit from Jaycar by adding a second ultrasonic 
sensor which is used to alter volüme. 

This extra HC-SR04 ultrasonic sensor is cheap and can 
also be bought from Jaycar (Cat. XC4442). 

Adding the second sensor 

The second sensor is aimed perpendicular relative to the 
first; and moving your hand closer to it increases the vol¬ 
üme, decreasing it if you move away. 

While the physical change to this kit is very simple, there 
is much more that needs to be altered on the software side 
to provide the volume-altering effect. 

Because of the lack of space around the DIGITAL pins 
due to the pitch-controlling sensor being located there, we 
opted to plug the second sensor into the ANALOG pins. 

Conveniently, the ANALOG pins on the Arduino Uno 
can be used as digital pins; however, when manipulating 
them, the pin number needs to be prefixed with ‘A’ - thus, 
A2 corresponds to ANALOG pin 2 on the board. 

We have placed the additional sensor with Vcc on 
ANALOG pin 2, Trig on pin 3, Echo on pin 4 and GND 
on pin 5. We also slightly bent the 2-pin male header that 
the amplifier power supply connection was attached to so 
that the lead does not come into contact with the sensor. 

As detailed in the December 2017 article, the pin loca- 
tions of the new sensor can be altered (if necessary) by 
changing what is defined in the software. But it’s easiest 
to use the same pins we have. 

Then ali that needs to be done is upload the new software 
to the board. The new software will stili work with just 
one sensor, as shown last month, and can be downloaded 
for free from the EPE website. 

S of t wa re 

Önce again, the software details are left to interested readers 
to explore. Instead, we will just go över some of the more 
important points. At the top of the Ultrasonic_Theremin. 
ino file there is a new macro called ‘VOL_SENSOR’, which 
is set to 1 by default. 


When set to 1, the software will act as 
if both sensors are attached, and thus it 
attempts to request data from both sen¬ 
sors. If set to 0, the software functions as 
if only the pitch-controlling sensor is at¬ 
tached and thus it only polis one sensor. 

The amplifier’s audio signal level is 
determined by the value of the 8-bit 
OCR2B register, which can range be- 
tween 0 to 255 inclusive. 

Now that we have the additional sen¬ 
sor, a second distance measurement is 
computed (simultaneously with the 
first, to avoid slowing down the feed- 
backloop). This distance measurement 
is then used to scale the sinewave value 
written to the OCR2B register, effec- 
tively attenuating the sound level de- 
pending on how far your hand is from 
the new sensor. 

By default, the software uses the 
same MAX_DIST setting for both sen¬ 
sors to set their maximum detection 
range. If for some reason you wanted 
to use a different value for each sensor, 
you would need to modify the software. 

The trickiest part of modifying the 
software to handle two sensors was 
the code to measure the distance for each simultaneously. 
This involves sending simultaneous trigger pulses, then 
waiting for both echo pulses to be received while sepa- 
rately timing the start and end of each echo, so that we 
can later subtract them and calculate the distance meas- 
ured. We recommend that interested readers take a close 
look at this part of the source code to see how we did it. 

Of course, one of the great things about Arduino is that 
you can download our software and easily experiment with 
making changes to see what effect they have. 

More Arduino projects 

If you’re interested in building other Arduino projects, 
check out Jaycar’s guides at: www.jaycar.com.au/arduino 

Reproduced by arrangement 
with SILICON CHIP 
magazine 2018. 
www.siliconchip.com.au 



The second ultrasonic sensor is fitted so that Vcc goes to 
ANALOG pin 2, while Trig goes to pin 3. Note that the 
amplifier power lead has been bent slightly so that there is 
better spacing between parts. 
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TheAM2302/DHT22digitaltemperatureandrelative 
humidity (RH) sensing modüle provides about the 
simplest way to make a microcontroller project with 
temperature and RH-sensing capabilities. 



L ow-cost modules capable of sens¬ 
ing and measuring both tempera- 
ture and relative humidity (RH) have 
been available for a few years now. 

Initially, these modules appeared as 
peripherals for Arduino and similar 
microcomputers, but they soon be- 
came an almost Standard add-on for 
just about any micro-based project. 

How humidity is measured 

Relative humidity is the ratio of the 
amount of water vapour per volüme 
of air at a particular temperature to 
the maximum amount of water which 
can be contained by that volüme of 
air at that same temperature without 
condensation. 

Another way to State this is that 
RH is approximately the ratio of the 
actual vapour pressure to the satura- 
tion vapour pressure. The saturation 
vapour pressure depends on the dew 
point temperature, which is the high- 
est temperature for a given humidity 
level at which water vapour will con- 
dense and form dew. 

This means that RH depends on three 
factors: the amount of water vapour in 
the air, air temperature and atmospher- 
ic pressure at the time of measurement. 


Since the modüle described here 
measures both RH and temperature, 
if you assume a fixed barometric pres¬ 
sure (eg, at sea level it is typically close 
to 1 bar), you can compute the absolute 
humidity based on these two readings. 

Just about ali of these temperature/ 
RH sensing modules are based on 
integrated digital sensors made by 
Chinese firm Aosong Electronics 
(based in Guangzhou), which also goes 
by the name MaxDetect Technology. 

What’s inside 

Most modules currently available 
use their improved AM2302 sensor, 
which has alternative names: DHT22 
or RHT03. 

Aosong/MaxDetect say little about 
what’s inside the AM2302/DHT22/ 
RHT03, but mention that it contains 
a dedicated 8-bit microcontroller (see 
Fig.5), a temperature sensor and one 
RH sensor, the latter being based on a 
special polymer capacitor. 

Curious to know more, I carefully 
cut away the slotted upper section 
of the plastic device body. Ali this 
achieved was to reveal the two sen¬ 
sors, fitted on the top of a very small 
PCB (18 x 14mm) which is potted 


inside the remaining part of the plastic 
body (see photo and Fig.6). 

The polymer capacitor humid¬ 
ity sensor (Fig.l) works by meas¬ 
uring the relative change in the 
dielectric constant of the capacitor 
with varying humidity. 

Since the change in value differs 
between capacitors, sensor calibration 
is required to provide accurate results. 

A thermistor provides temperature 
sensing. The thermistor used is an 
NTC (negative temperature coefficient) 
type, made of a conductive material 
which decreases in resistance propor- 
tionally as the temperature rises. 

The microcontroller measures the 
RH sensor capacitance and the ther¬ 
mistor resistance, and then converts 
the analogue readings to digital values. 

This micro and a number of associ- 
ated components are mounted on the 
underside of the PCB; we can’t de- 
termine their exact configuration as 
it’s impossible to remove the potting 
without destroying most of the Circuit. 

However, there is a YouTube video 
where someone has removed ali the 
components from the device. Some of 
the pictures from that video are shown 
in this article, and the link to the video 
is at the end of the text. 

Aosong/MaxDetect State that every 
AM2302 sensor is temperature com- 
pensated and calibrated in an accurate 
calibration chamber, during or after 
which the calibration coefficients are 
saved in the micro’s one-time program- 
mable memory. 

Considering its low price, the 
claimed performance of the AM2302 
is quite impressive. The RH measur¬ 
ing range is from 0 to 100%, with a 
resolution of 0.1% and an accuracy 
of ±2%, while the temperature meas¬ 
uring range is from -40 to +80°C with 
a resolution of 0.1 °C and an accuracy 
of ±0.5°C. The long-term RH stability 
is rated as ±0.5% per year. 


Fig.l: close-up of the humidity sensor, showing the two capacitor plates. Note the 
darker plate marked with red is much smaller than the gold one underneath.* 


Fig.2 (below): complete connection diagram 
for the AM2302/DHT22 sensor modüle. The 
4.7k 12 pull-up resistor allows for bidirectional 
communication with a single DATA pin. 
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BUS RELEASED 



'OK WILL START' RESPONSE FROM AM2302 SENSOR 


Fig.3: to wake the sensor from standby mode, the micro pulls Fig.4:themicrodifferentiatesbetweenwhattypeofbitithas 
the DATA line low for a minimum of 800ps and a maximum of received based on the pulse time; a data bit of value zero has 
20ms. The DATA line then goes high for 20ps. This is regarded a pulse time of 78ps while a one has a pulse time of 120ps. 
as a start request sent to the AM2302. 


The device is designed to run from 
3.3-5.5V DC, with operation from 
5V recommended. It has a nominal 
current drain of 1.5mA when meas- 
uring, or 50pA when in standby. It 
needs at least two seconds between 
measurements. 

The AM2 3 02/DHT2 2/RHT0 3 
modüle measures only 25.1 x 15.1 
x 7.7mm, while the PCB for the 
most common modüle using it 
measures 39x23mm - see our picture. 


The sensor has four connection pins, 
although one is labelled ‘NC’ (no con¬ 
nection) in Aosong’s data sheet. 

As you can see from Fig.2, there’s 
very little in a typical sensing mod¬ 
üle apart from the AM2302/DHT22/ 
RHT03 device itself. 

There are just two passive compo- 
nents on the board: a lOOnF bypass 
capacitor from V^c to ground and a 
4.7k£l pull-up resistor between the 
digital data bus line and Vco 


The reason for that resistor leads us 
to discuss the way the device commu- 
nicates with an external micro, över 
that single-wire bus. 

How it handles data 

Although it’s poorly explained in the 
AM2302 data sheet, here’s the basic 
idea: when the DATA line is allowed 
to float at the logic high level (pulled 
high by the 4.7kD resistor), the sensor 
effectively sleeps in standby mode. To 



The modüle in question with the case 
stili intact. The modüle has a fairly low 
profile, measuring only 7.7mm high. 



Fig.5 (above): the internal layout of the micro 
in the AM2302 sensor.* 

Fig.6 (right): the sensor modüle with the top of 
the case removed. The bead type sensor is an 
NTC themistor and to its right is the capacitive 
humidity sensor.* 



wake it up, the external micro must 
pull the DATA line down to logic low 
for at least 800ps, but no more than 
20ms. In fact, they recommend that it 
be pulled down for lms. 

Then the micro should release the 
DATA line, allowing it to float high again 
for about 20ps. This ‘lms-low-followed- 


by-20ps-high’ sequence is regarded as the 
micro sending a start request signal to 
the AM2302. 

If the AM2302 responds to this 
wake-up cali, it pulls the DATA line 
down to logic low for 80ps, and then 
allows it to float high again for an- 
other 80ps. 


This is regarded as its ‘OK, will start’ 
response. This ‘start request’ and ‘OK 
will start’ sequence is shown in Fig.3. 

Soon after this startup sequence, 
the AM2302 sends out its current 
measurement data as a sequence of 
40 bits of data, grouped in five bytes 
- see Fig.7. 


TEMP HİGH BYTE 


TEMP LOW BYTE 


START SİGNAL 
FROM MICRO 


'OK WILL START' 
RESPONSE 
FROM AM2302 






SINGLE ’READ FROM AM2302' TRANSACTION DATA FORMAT - 


Fig.7: önce there has been a start response from the sensor, the AM2302 sends out its measurement data in 40-bit sets. The 
first 16 bits is the relative humidity, the 16 bits after is the temperature and the final 8 bits are parity bits to pad the length 
of the data to 40 bits total. 
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The relative humidity reading is in 
the first two bytes (RH HIGH and RH 
LOW), followed by the temperature 
reading in the next two bytes (TEMP 
HIGH and TEMP LOW), and finally 
there’s a checksum or parity byte to 
allow error checking. 

Ali of these bytes are sent MSB 
(most-significant bit) first and LSB 
(least-significant bit) last. 

It’s also worth noting that both the 
RH and temperature readings have a 
resolution of 16 bits. 

While this single-wire-bus transac- 
tion may look fairly straightforward, 
it isn’t quite that simple - because of 
the special encoding that Aosong uses 
for the data bits themselves. 

As shown in Fig.4, a binary zero is 
coded as a logic low of 50ps followed 
by a logic high of 28ps, whereas a bi¬ 
nary one is coded as the same logic 
low of 50ps, but followed by a logic 
high of 70ps. 

So both a zero and a one begin with 
a logic low lasting for 50ps, but a logic 
high that follows lasts for only 28ps in 
the case of a zero rather than 70ps in 
the case of a one. 

As a consequence, data bits with a 
value of 0 last for a total of 78ps, while 
those with a value of 1 last for 120ps. 
So the time taken by each of those 
data bytes as shown in Fig.7 will not 
be fixed, but will vary, depending on 
the data bit values. 

For example, a byte consisting of 
ali zeroes (00000000) will last for 
only 624ps, while a byte of ali ones 
(11111111) will last for 960ps. So in 
practice, the duration of each data byte 
will vary between 624 and 960ps. 

The micro connected to the AM2302 
needs to take this rather unusual 
coding system into account when it 
decodes RH and temperature data. 

How it’s used 

You shouldn’t have to worry about 
decoding the AM2302 measurement 
data yourself, because many people 
have already worked it out for most 
of the popular microcontroller. 

For example, ifyou want to hookup 
an AM2302-based modüle to a Micro¬ 
mite, Geoff Graham has already solved 
this problem and provided a special 
command in his MMBasic program- 
ming language. It looks like this: 

HUMID pin, tVar, hVar 

Where HUMID is the command key- 
word and ‘pin’ is the micro’s I/O pin 
to which the module’s DATA line is 
connected. 

‘tVar’ is the name of the fioating- 
point variable you want to receive 
the returned temperature (in °C) 
and ‘hVar’ is the name of a second 


floating-point variable to receive 
the returned relative humidity (as a 
percentage). It’s that easy! 

If you’re running the modüle from a 
5V supply, you do have to make sure 
that you connect the module’s DATA 
line to a Micromite pin that is 5V 
tolerant - ie, one of pins 14 to 18, 21 
or 22 on the 28-pin Micromite. 

So if you have connected the 
module’s DATA line to pin 18 of the 
Micromite and have declared the 
temperature and RH variables as say 
‘temp!’ and ‘RH!’ respectively, you’ll 
be able to read the sensor’s data with 
this one-line command: 

HUMID 18, temp!, RH! 

If you want to take a sequence of say 
10 readings spaced apart by the recom- 
mended minimum of two seconds and 
print them to the console, here’s the 
kind of simple program you’ll need: 

DIM nbr% = 10 
DIM temp! = 0.0 
DIM RH! = 0.0 
PAUSE 1000 
DO 

HUMID 18, temp!, RH! 

PRİNT “Temperature = “temp! 
“C & humidity = “ RH! “%” 
rıbr% = rıbr% -1 
PAUSE 2000 
LOOP UNTIL nbr% = 0 

If you want to hook up an AM2302- 
based modüle to any of the Arduino ver- 
sions, it’s almost as easy. You have quite 
a choice when it comes to pre-written 
applications, some of which you’ll find 
using these github.com links: 

http://bit.ly/2DJHj20 

http://bit.ly/2BBrAKU 

http://bit.ly/2BBgju3 

There are also sample programs on 
both of these websites: 

www.aosong.com 

www.humidity.com 

So it’s not at ali difficult to use one 
of these low cost AM2302/DHT22/ 
RHT03-based modules with a readily 
available microcontroller. 

Reproduced by arrangement 
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* These pictures have been 
taken from the video at: 

http ://y outu .be/C 7uS 10 JccKI 

by www.youtube.com/user/ 
electronupdate 



PoLabs 


For more information or SjgE 
software download please visit ggg 


www. poscope.com/epe 


Connect, Control 


1 


Ethernet 
Web server 
Modbus 
CNC (Mach3/4) 


- PWM 

- Encoders 

- LCD 

- Analog inputs 

- Compact PLC 


up to 256 

- up to 32 

microsteps 

microsteps 

50 V/ 6 A 

- 30 V/ 2.5 A 

USB configuration 


Isolated 


Measure 

— 

»S 


- up to 50MS/S 

- resolution up to 12bit 

- Lovvest power consumption 

- Smallest and lightest 

- 7 in 1: Oscilloscope, FFT, X/Y, 
Recorder, Logic Analyzer, Protocol 
decoder, Signal generator 


34 


Everyday Practical Electronics, April 2018 

















VVelcome to Teach-In 2018: Get 
testing! - electronic test equipment 
and measurement techniques. This 
Teach-In series will provide you with 
a broad-based introduction to choosing 
and using a wide range of test gear, how 
to get the best out of each item and the 
pitfalls to avoid. VVe'll provide hints and 
tips on using, and - just as importantly - 
interpreting the results that you get. We 
will be dealing with familiar test gear 
as well as equipment designed for more 
specialised applications. 


Our previous Teach-In series have dealt 
with specific aspects of electronics, such 
as PICs ( Teach-In 5), Analogue Circuit 
Design ( Teach-In 6) or popular low-cost 
microcontrollers ( Teach-In 7 and 8). The 
current series is rather different because 
it has been designed to have the broadest 
possible appeal and is applicable to 
ali branches of electronics. It crosses 
the boundaries of analogue and digital 
electronics with applications that span 
the full range of electronics - from a 
single-stage transistor amplifier to the 


most sophisticated microcontroller 
system. There really is something for 
everyone in this series! 

Each part includes a simple but useful 
practical Test gear project that will build 
into a handy gadget that will either extend 
the features, ranges and usability of an 
existing item of test equipment or that will 
serve as a stand-alone instrument. We Ve 
kept the cost of these projects as low as 
possible and most of them can be built 
forlessthan£10 (includingcomponents, 
enclosure and Circuit board). 


This month 

In this seventh part, In theory will be 
looking at the principles and techniques 
that underpin a wide range of RF 
measurements, including voltage, power, 
modulation depth, and standing wave 
ratio (SWR). Gearing up introduces 
a variety of common items of RF test 
equipment while Get it right! helps you 
avoid some of the pitfalls and provides 
useful hints and tips that will help you 
to improve the accuracy and relevance 
of your measurements. Finally, our 
seventh Test Gear Project is a wide-band 
RF ‘sniffer’ that can also act as a useful 
relative fîeld strength indicator. 



In last month’s Teach-In 2018 we 
discussed audio frequency (AF) 
measurements. This month, we turn our 
attention to measurements that are made 
at much higher frequencies, extending 
from 30kHz to 30GHz (and beyond). 
They include the range of frequencies 
used for radio and TV broadcasting, as 
well as the ‘wireless’ and Wi-Fi networks 
that we use in our homes. 

Measuring RF voltage 

Provided that the frequency of a signal 
is within the measurement range of 



Fig.7.1. Using an oscilloscope and 
xlO probe to measure the RF output 
of a low-power 7MHz transmitter 


an instrument, the easiest method of 
measuring RF signals is with the aid of an 
oscilloscope. In conjunction with a xl0 
probe, most oscilloscopes are capable of 
making measurements at frequencies of 
up to 30MHz or more depending on the 
upper frequency limit of the instrument 
used. An example is shown in Fig.7.1 
where the sinusoidal output voltage 
of a low-power 7MHz transmitter is 
displayed. 


An alternative to using an oscilloscope 
for RF voltage measurements is a diode 
with a conventional analogue or digital 
meter, as shown in Fig.7.2(a). The probe 
will respond to the peak RF voltage 
but the meter can be calibrated in RMS 
volts. RF probes are often supplied 
with wideband voltmeters and they 
can extend the frequency range well 
beyond that which could be measured 
by an oscilloscope. To ensure the widest 
possible frequency range, the probe tip 
and ground connection need to be kept 
very short in order to minimise the stray 
reactance that would otherwise degrade 
the probe’s performance. 



Fig.7.2. (a) A simple RF diode detector 
probe (b) A simple RFpower indicator 


Everyday Practical Electronics, April 2018 


35 





















































































A similar arrangement can be used to 
indicate RF power. In thiscase,the diode 
detector needs to be used in conjunction 
with a resistive load, as shown in 
Fig. 7.2 (b) and the meter needs to be 
scaled in mW or W. Since there is a square 
law relationship between power and 
RMS voltage, the instrument scale can 
be distinctly non-linear. Furthermore, 
the load resistor shown in Fig.7.2(b) 
must be appropriately rated in terms of 
power dissipation and it must be purely 
resistive (due to self-inductance, high- 
power wire-wound resistors must not be 
used). At frequencies above 30MHz, load 
resistors need to be specially constructed 
to minimize stray reactance and they 
should be fully screened in a metal 
enclosure and fitted with an appropriate 
coaxial input connector. 

Modulation 

Different types of modulation (see 
Fig.7.3) can be applied to RF signals 
acting as ‘carriers’ to convey signals 
such as speech, music and data. The 
depth of amplitude modulation can be 
easily measured using an oscilloscope 
and calculated from the relationship: 


Table 7.1 Typical values of intercept (dBm) for the AD8318 logarithmic power detector 


Frequency 

İntercept 


900MHz 

1.9GHz 

2.2GHz 

3.6GHz 

5.8GHz 

8.0GHz 

+22dBm 

+20.4dBm 

+19.6dBm 

+19.8dBm 

+25dBm 

+37dBm 


ImRSüf 





V -V 


v +y 

max mın 


-^-xl00% 


Fig.7.5. Measuring the output power 
from a hand-held digital transceiver 
(the power meter indicates an output 
of exactly 2W delivered to the 50ü 
load attached to the power meter 

thus, provided that the load resistance 
into which the power is delivered is 
accurately known, it is possible to 
determine power from the peak-to-peak 
value of a waveform observed on an 
oscilloscope. The following relationship 
is used: 


where V max and Vmin are the maximum/ 
minimum envelope voltages, see Fig. 7.4. 

RF power measurement 

As mentioned previously, at low RF 
frequencies it is possible to use an 
oscilloscope to measure RF voltage and 


P = 

out 


V, 


out(pk-pk) 

W 


Putting this into context, let’s assume 
that the oscilloscope indicates a peak- 
peak voltage of 2OV with a load having 
a resistance of 50D. The output power 
would be calculated as follows: 



y 

out (pk-pk) 


20 2 400 


8 A 


=— =1W 


8x50 400 


Fig.7.3. (a) Amplitude modulation (b) Frequency 
modulation 



Fig. 7.4. Measuring the depth of amplitude 
modulation 



Fig. 7.6. Common 75ü and 50ü RF connectors - (L- 
R) Relling Lee, PL-259, SMA, RNC, N-type 


An alternative to using 
an oscilloscope is that of 
using a dedicated RF power 
meter, in which case the 
instrument scale will already 
be calibrated in mW or W - 
see Fig.7.5. 

instrument connection 

When carrying out RF 
measurements it is usually 
imp ortant to ensur e that input 
and output impedances (as 
well as ali connecting cables) 
are correctly matched. When 
applied to cables, the term 
‘characteristic impedance’ is 
the impedance that would be 
seen looking into an infinite 
length of the cable at the 
working frequency. Typical 
values are 50D, 750. and 
90D for unbalanced (coaxial) 
cables, as well as 300ü and 
600D for balanced (twin) 
feeders. 

Characteristic impedance 
is a function of the primary 
constants of the cable, the 
two most significant being 
the inductance (L) and 
capacitance (C) perunit length 


of the cable (note that L is measured with 
the far end of the cable shorted while C is 
measured with the far end öpen circuit). 
The value of characteristic impedance (Z 0 ) 
is approximately given by: 


z 0 =J- 


Connectors 

Different types of connector (see 
Fig.7.6) are used with coaxial cables, 
depending on the frequency range, power 
handling requirements and characteristic 
impedance required. The popular BNC 
connector is available in both 5 0Q and 
750 versions (note that the diameter 
of the centre pin is smaller for the 750 
version). Conventional TV connectors 
(originated by Belling-Lee) are used with 
75D systems. N-type and SMA connectors 
have a constant 5OD impedance över a 
very wide frequency range. 

Measuring low RF power 

When low levels of power (less than 
100mW) are to be measured, simple diode 
detectors are generally unsuitable due to 
their non-linearity and poor sensitivity. 
Sensitive power meters with separate 
power sensing elements are available but, 
in recent years, an alternative low-cost 
solution can be based around the use of 
a specialised logarithmic power detector 
chip, such as the AD8318 from Analog 
Devices (see Fig.7.7). 

Designed for relative received signal 
strength indication (RSSI) and automatic 
power regulation, the AD8318 is a 
demodulating logarithmic amplifier that 
accurately converts an RF input to a 
corresponding dB-scaled output voltage. 
The device uses progressive compression 
över a nine-stage cascaded amplifier, and 
each amplifier stage has its own detector 
(see Fig.7.8). Detector outputs are then 
summed to provide an output voltage 
that varies between -2. IV with no input 
and -1.4V (with 10mW input into 50D). 
The useful measurement range (without 
external attenuation) is from +5dB to 
-55dBm (see Fig.7.9) with an error of 
less than ±ldB. 

The logarithmic slope of the AD8318’s 
transfer characteristic (see Fig.7.9) is 
nominally-25mV/dB but can be adjusted 
by scaling the feedback voltage from 
VOUT to the VSET input (see Fig.7.8). 



Fig.7.7. A logarithmic detector (the 
input on the lef t is fitted with afixed 
lOdR attenuator rated at 2Wfrom DC 
to 18GHz) 
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Fig.7.8. Simplified internal schematic of the AD8318 logarithmic detector 



Fig.7.9. Output voltage (V) vs inputpower (dBm) at 2.2GHz 


İnput Data 

Enter slope in mV/db (e.g. -25} 

-25 mV/dB 

En ter intercept in dBm (e.g. +20} 

25 dBm 

Enter voltage indicated (e.g. M.025} 

-0.812 Volts 

External attenuation (e.g. 40dB} 

30 dB 

Power atAD8318 input (into 50 ohm) 

Power (in dB ret: lmW) 

-7.48 dBm 

Actual power 

0.1786 m W 

input power (into 50 ohm attenuator) 

input power 

178.6488 mW 


Fig.7.10. Using a spreadsheet to calculate the RF 
input power (see text) 


The intercept (not shown in Fig.7.9) 
is nominally +20dBm (referenced 
to 50£1 but it varies somewhat with 
frequency, effectively shifting the transfer 
characteristic along the x-axis). Measured 
values of intercept at different frequencies 
are shown in Table 7.1 but to make life 
easier, we have made a spreadsheet 
calculator (see Fig.7.10) available for 
download from the EPE website. This 
allows you to calculate power levels 
at different frequencies with various 
amounts of external attenuation present. 



Fig.7.11. Checking the output 
frequency of a dual-band FM 
transceiver. The digital frequency 
meter (shown on the right) indicates 
a frequency difference oflkHz) 


Frequency measurement 

Frequency is difficult to accurately 
measureusingaconventionaloscilloscope. 
Modern digital storage oscilloscopes 
(DSO) fare somewhatbetter inthisrespect 
as they can often display frequency values 
digitally. However, a digital frequency 
meter (DFM - see Fig.7.11) is a better 
solution and the desirable characteristics 
of such an instrument are high sensitivity, 
a high upper frequency limit as well as 
appropriate accuracy and resolution. A 
sensitivity of lOOmV or less is suitable 
for most applications, and an upper 
frequency limit of 500MHz will be 
adequate for most measurements at HF 
and VHF. 


Generating RF signals 

An RF signal generator will be required 
for measuring the performance of radio 
receivers, amplifiers and filters. So that 
its output can be reduced to a suitably 
low level, such an instrument will need 
to be fitted with an accurate calibrated 
attenuator and the output level should 
be adjustable from a minimum of IV 
RMS to less than lpV. Precise frequency 
calibration is not essential if a DFM is 
available to monitor the output frequency 
(see Fig.7.12). The generator should 
have an output impedance of 500 and 
the output should be capable of being 
modulated in order to provide an AM or 
FM signal. Some instruments may also 
be supplied with 
internal calibration 
facilities, but this is 
no longer essential 
in the case of 
equipment that uses 
digital frequency 
synthesis where 
signals are derived 
from an accurate 
internal reference 
oscillator. Finally, 
to prevent leakage, 
adequate screening 
is required. 

Fig.7.13 shows the 
complete Circuit of 



Fig.7.12. Bench test instruments: an RF signal generator 
used with a digital frequency meter (DFM) 
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a simple RF signal generator suitable 
for home construction. This instrument 
operates from a mains supply or 12V 
battery. It provides an amplitude 
modulated output from 250kHz to 
around 15MHz in four switched ranges. 

Spectrum analysis 

It is often useful to be able to display 
the frequency spectrum of an RF 
signal. This will allow you to identify 
unwanted harmonic components as well 
as those resulting from noise, spurious 
oscillation and unwanted mixing of 
signals. A dedicated RF spectrum 
analyser can be prohibitively expensive, 
but a low-cost solution can be based on 
a simple DVB-T tüner ‘dongle’, as shown 
in Fig.7.14. Such devices are widely 
available, and they are usually marketed 
as USB ‘digital TV sticks’. Used in 
conjunction with suitable software 
running on a desktop PC, laptop or tablet, 
they will allow you to receive signals 
över a frequency range extending from 
around 25MHz to 1.5GHz. If desired, 



Fig.7.14. A low-cost DVB-T tüner 
‘dongle’ can make the basis of a 
simple RF spectrum analyser 



Noise sources 

A wideband noise 
source can be used 
to carry out various 
RF measurements 
and is a low-cost 
alternative to using 
more sophisticated 
equipment such as 
tracking spectrum 
analysers. The 
inexpensive noise 
source shown in 
Fig. 7.17 canbe useful 
for testing amplifiers 
and filters. 

The output of 
a noise source is 
normally specified 
in terms of Excess 
Noise Ratio (ENR). 


Fig.7.15. A DVB-T tüner ‘dongle’ modified to support MF/ 
HF as well as VHF/UHF inputs. This permits operation 
över a frequency range extending from around 100kHz 
to well över 1 GHz 


the frequency range can be extended 
down to around 150kHz by modifying 
the device, bypassing the front-end 
tuner/frequency changer and feeding 
the input signals direct to the I and Q 
inputs on the SDR decoder, as shown 
in Fig. 7.15. Alternatively, aready-made 
RF up-converter (such as the NooElec 
Ham it Up) can be fitted. A typical 
spectrum display is shown in Fig.7.16. 
This shows a 2MHz frequency range 
that extends from 104MHz to 106MHz 
in which signal levels range from 
-20dBmto-40dBm. 

The strong signal 
at 104.6MHz is a 
local FM broadcast 
station. 


This is a normalised measure of how 
much noise is generated when the noise 
source is switched on compared with the 
noise that would be thermally generated 
with the noise source switched off. 


= 101og, 


7Î.-290 


290 


= 101og 


/ 7h_l' 

n~ J 


where 7^ > T c (290K), T h is the 
3mperature ‘hot’, and T c is the 
^mperature ‘cold’. (Note temperatures 
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Fig.7.16. A typical spectrum display obtained from a DVB-T tüner ‘dongle’ and appropriate SDR software. The strong 
signal at 104.6MHz is a local FM broadcast station 


Fig.7.17. A low-cost wideband RF 
noise source can be usefulfor testing 
amplifiers andfilters up to about 1GHz 

When a spectrum analyser is used for 
testing a filter in conjunction with a 
noise source, the ENR of the noise source 
must be significantly greater than the 
spectrum analyser’s noise floor. An ideal 
value would be 60dB but, for testing an 
RF amplifier the ENR should be very 
much smaller and 6dB to lOdB would 
usually be more appropriate. Thus, an RF 
noise source should normally be used in 
conjunction with an attenuator. VVithout 
an external attenuator, the measured 
broadband power output of the noise 
source shown in Fig.7.17 is around 
lOdBm (10mW) and so an external 
attenuator will invariably be required 
when using it with a spectrum analyser. 


Measuring standing wave ratio (SWR) 

Before describing instruments that can 
be used to measure SWR it is important 
to understand what we are trying to 
measure. In radio equipment an antenna 
is connected to a source of RF (eg, a 
transmitter or transceiver) by means of 
a feeder. This feeder (usually a length of 
coaxial cable) forms a transmission line, 
along which the RF energy is conveyed. 
The line is said to be correctly ‘matched’ 
when the impedance of the source, line, 
and load are ali identical. The source is 
the sender or transmitter, while the load 
is the antenna. 

If the system is perfectly matched and 
the line is loss-free, the voltage will be 
the same at ali points along the line. 
If the system is perfectly matched and 
the line is Tossy’, there will be a linear 
reduction in voltage along the line. If, 
however, the system is not correctly 
matched, which would be the case if 
the antenna had a different impedance 
from the source and line, part of the 
energy will be reflected back from 
the load to the source. This results in 
standing waves of voltage and current 
along the line. The presence of standing 
waves is undesirable for various reasons, 
including additional power loss along 
the feeder. This can be very important 
when a long run of poor quality feeder 
is used. In summary: 


■ The SWR of a feeder or transmission 
line is an indication of the effectiveness 
of the impedance match between the 
transmission line and the antenna 

■ SWR is the ratio of the maximum to 
the minimum current or voltage along 
the length of the transmission line, 
or the ratio of the maximum to the 
minimum voltage 

■ When the line is correctly matched 
the SWR is unity. In other words, we 
have unity SWR when there is no 
variation in voltage or current along 
the transmission line 

■ The greater the number representing 
SWR, the larger is the mismatch 
and the greater is the loss due to an 
imperfect feeder. 

SWR is easily measured using an 
instrument known variously as an SWR 
bridge, SWR meter, or combined power/ 
SWR meter (see Fig.7.18). Despite the 
different appearance ofthese instruments 
they are ali based on the same operating 
principle; sensing the forward and 
reflected power and displaying the 
difference between them using a meter 
scale or digital display. Fig.7.19 shows 
the internal construction of a low-cost 
S WR bridge for öper ati on atup to 30MHz. 
This shows the main transmission 
line in the centre and the two coupled 
transmission lines either side of it feed 




Fig.7.18. Typical low-cost combined RFpower meters and SWR bridges 



Fig.7.19. The interior of an HF SWR 
bridge showing the main transmission 
line and the two coupled transmission 
lines that feed theforward and 
reverse detectors 
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the output from a dual- 
band VHF/UHF base station 
transceiver. The instrument 
has two separate sensing 
heads (one for HF and one for 
VHF) and measures power 
from 5W to 400W in four 
ranges at frequencies from 
1.8MHz to 525MHz. 

Instead of using a single 
meter with forward/ 
reverse switching (or two 
separate meter movements) 
to indicate forward and 
Fig.7.20. Checking outputpower and antenna reverse power, some SWR 

SWR with a dual-band VHF/UHF base station bridges make use of cross- 

transceiver needle indicators. These 

comprise two separate 
moving coil movements each with 
its own needle pointer. One needle 
indicates forward power while the other 
(simultaneously) indicates reflected 
power. The corresponding SWR is read 
along a line marked in the centre of the 
display, as shown in Fig.7.21. 


W ATT S 


[b) VSWR= 1.7:1 


(a) VSWR = 2:1 


Fig.7.21. Reading a cross-needle SWR 
indicator 


Antenna and Virtual netvvork analysers 
(VNA) 

If you are making regular measurements 
at RF (and particularly if you are working 
with antennas) you will find an antenna 
or virtual network analyser invaluable. 
A basic antenna analyser is shown in 
Fig.7.22. This popular instrument is 
capable of measuring SWR, impedance 
(resistance andreactance), andreflection 
coefficient över a frequency range 
extending from 1.8MHz to 170MHz. For 
automated measurements in conjunction 
with a desktop PC, laptop or tablet, virtual 
network analysers are available from 
several RF test equipment manufacturers. 



Fig.7.23. AM/FM RF signal generator 



Fig.7.24. A highly accurate RF signal 
generator that incorporates phase 
locked digital frequency entry 

instrument from Avair is shown in 
Fig.7.26. This instrument covers the 
range 1.8MHz to 200MHz in two ranges; 
3 0W and 3 00W full-scale and is available 
at around £50. Directional power meters 
from Bird (the ‘Thruline’ series of 
wattmeters) are highly recommended, 
but you may require a selection of 
different plug-in sensing elements in 
order to cover the required range of 
frequency and power. Following the 
purchase of a basic instrument these can 
represent a significant additional outlay. 



Fig.7.22. HF/VHF antenna analyser 
for operation between 1.8MHz and 
170MHz. The instrument can display 
resistance, reactance, impedance, 
reflection coefficient and SWR 

the forward and reverse diode detectors. 
Fig.7.20 shows a combined HF and VHF 
power/SWR meter being used to check 



In addition to an oscilloscope for general 
RF measurements, you will need an RF 
signal generator and a digital frequency 
meter. Both are available at reasonable 
cost, new and second hand. For a basic 
RF signal generator, you can expect to 
pay around £100, but instruments are 
regularly available from on-line auction 
sites atbargain prices. Typical examples 
are shown in Fig.7.23 and 7.24. When 
choosing an RF signal generator, it is 
important to select an instrument with 
sufficiently wide frequency coverage 
and also with a calibrated attenuator. 
For basic radio and TV servicing such 
instruments are often designed to 
work with 75£1 systems, but for most 
professional applications a 50f2 output 
is more common. For AM measurements, 
depth of modulation can be measured 
using an oscilloscope, but dedicated 
modulation meters capable of measuring 
both AM and FM signals are available 
(see Fig.7.25). 

SWR bridges are available at various 
prices and quality levels but it is advisable 
to avoid the cheaper instruments that 
invariably have cramped displays, 
limited frequency response and poor 
accuracy. A good quality cross-needle 



Fig.7.25. FM/AMmodulation meter 



Fig.7.26. A cross-needle SWR meter 
(like this instrument from Avair) 
can be a useful investment ifyou 
need to measure RFpower or adjust 
antennas at HF and VHF 
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Other RF instruments and accessories 

In addition to the instruments listed 
above, several other useful items of test 
gear can be acquired from second-hand 
and on-line sources. They include: 

■ RF voltmeters and AC meters with 
diode probes (see Fig.7.27) 

■ RF power meters with internal loads 
(see Fig.7.28) 

■ RF spectrum analysers (see Fig.7.29) 

■ CalibratedRF attenuators (see Fig. 7.30) 

■ RF connectors, inter-series adapters, 
patch leads and probes (see Fig.7.31). 



Fig.7.27. Part of the author’s RF 
test bench showing a variety of RF 
voltage and power meters purchased 
from second-hand dealers and from 
on-line auction sites 



Fig.7.28. A Marconi TF1152 power 
meter suitablefor continuous power 
ofup to 25W with an internal 
load rated for use up to 500MHz. 
instruments like this can make an 
excellent second-hand purchase 


Test Gear Project 
AhandyRF'snifler' 


Our handy RF ‘sniffer’ will provide you 
with a useful device for detecting RF 
energy. It operates över a wide range 



Fig.7.29. A Farnell 352C spectrum 
analyser suitablefor use from 
300kHz to 1 GHz 



Fig. 7.30. A Marconi switched 
attenuator suitablefor use from DC 
to 1GHz with attenuation ofup to 
142dR in steps of İdR 



Fig.7.31. A variety of connectors, adapters and other accessories can be 
extremely useful when carrying out RF measurements 


Get it right when carrying out RF measurements 

• Always ensure that test leads and cables carrying RF signals are properly 
screened and fitted with appropriate connectors 

• When using an RF probe always ensure that the ground connection is as short 
and direct as possible 

• Avoid over-driving amplifiers, filters and attenuators and always keep input 
signals within the working range for the equipment on-test 

• When carrying out measurements of RF power, use a matched and fully 
screened resistive load that is appropriately rated in terms of impedance and 
frequency range 

• When in doubt about signal and power levels it is wise to use an attenuator 
ahead of the measuring instrument and then progressively reduce the attenuation 
as required 

• When carrying out tests and adjustment on antennas, avoid physical contact 
with the antenna and maintain a safe working distance from it 

• Don’t rely on measurements of RF voltage, power and SWR when an instrument 
is working towards the end of its measuring range (accuracy will invariably be 
impaired as an instrument’s limits are approached). 


of frequency extending from around 
3MHz to över 500MHz (with reduced 
sensitivity). The presence of RF is 
indicated using an LED with brightness 
depending on the level detected, but 
the instrument can be used with an 
external voltmeter as a sensitive field 
strength indicator. 

The complete Circuit of our Test Gear 
Project is shown in Fig.7.32. The Circuit 


comprises a diode detector followed by 
TRl and TR2 acting as a high-gain DC 
amplifier. To improve sensitivity, the 
diode detector is biased to the edge of 
conduction by means of a constant voltage 
source formed by D2 and adjustable via 
RVl. The input of the Circuit is applied 
by means of a BNC connector that permits 
the connection of a measuring probe or 
short antenna. 
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control device, placed 
close to the antenna, 
check that the green LED 
becomes illuminated. If 
desired, connect a DC 
voltmeter on the 10V 
or 2OV DC range to SK2 
and SK3 and check that a 
reading is obtained. Note 
that a PMR handy talkie, 
or other transceiver with 
an output of between 1W 
and 5 W, shouldtypically 
produce an indication 
of between 250mV and 
1.5V when positioned 
at distances of between 
8m and 2m respectively. 


You will need 

1 Perforated copper stripboard (9 
strips, each with 25 holes) 

2 2-way miniature terminal blocks 
(STl and ST2) 

AB S case with integral battery 
compartment 
9V PP3 battery clip 
9V PP3 battery 

Miniature DPDT toggle switch (Sl) 
chassis mounting female 50£1 BNC 
connector 

red 2mm panel mounting socket 
(SK2) 

black 2mm panel mounting socket 
(SK3) 

BC548 transistors (TRl and TR2) 
5mm red LED (Dİ) 

5mm green LED (D3) 

2.2k£l resistor (Rl) 
lk£l resistor (R2 and R3) 
miniature axial lead lOpH inductor 
(Ll) 

lk£l miniature multi-turn pre-set 



Fig.7.33. Stripboard layout of the handy RF ‘sniffer’ 


İÜ 


f tat cm 

/ * 


resistor (RVl) 

3 İnF disk ceramic capacitors (Cl, C3 
and C5) 

2 2.2nF disk ceramic capacitors (C2 
and C4) 

1 lOOpF 16V radial electrolytic (C5) 

Assembly is straightforward and should 
follow the component layout shown in 
Fig.7.33. Note that the V Symbol shown 
on Dİ indicates the more positive (anode) 
terminal of the LED. The pin connections 
for the LED and transistor are shown in 
Fig.7.34. The reverse side of the board 
(NOT an X-ray view) is also shown in 
Fig.7.34. Note that there’s a total of 23 
track breaks to be made. These can be 
made either with a purpose-designed 
spot-face cutter or using a small drill 
bit of appropriate size. There are also 
nine links that can be made with tinned 
copper wire of a suitable diameter 
or gauge (eg, 0.6mm/24SWG). When 
soldering has been completed it is very 
important to carry out 
a careful visual check 
of the board as well 
as an examination of 
the track side of the 
board looking for solder 
splashes andunwanted 
links between tracks. 
The internal and rear 
panel wiring of the test 
signal source is shown 
in Fig.7.35. 


Setting up 

Setting up is reasonably 
s tr aightf orwar d. 
Switch ‘on’ and with 
no input connected 
to SKİ, set RVl to 
minimum position. 
Then slowly increase 
bias voltage at P2 by 


LED (Dİ and D4) 


Anode (3) 


0 


UTHlerelde view 


Cathode ((t) 



GCS48(TR1 andTR2j 


LED (Dİ and D4J 


Fig.7.34. LED and transistor pin connections 


the 

advancing the setting of RVl 
until the green LED (D3) just 
starts to become illuminated. 
Back off the setting of VRl 
slightly until the LED turns 
‘off’. Next, connect a short 
antenna or pick-up loop to 
SKİ and, with the aid of an RF 
source, such as a wireless key- 
fob or other 430MHz remote 



Fig.7.35. internal wiring of the handy 
RF ‘sniffer’ 



Fig.7.36. External appearance of the 
handy RF ‘sniffer’ 



Fig. 7.37. Using the handy RF ‘sniffer 9 
as a relative field strength indicator 


Next month 

In next month’s Teach-Irı 2018 we will 
be looking at digital measurements and 
associated test equipment. Our practical 
project will feature a simple logic probe. 
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IFR 2025 
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£800 
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HP8566B 
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HP8662A 
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£750 
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£325 OR £275 VVITHOUT HANDLE 
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Spectres from the past 



T HE N E W YE AR got off to a flying 
start with the breaking news that 
a flaw had been discovered in 
the microarchitecture of popular CPU 
chips manufactured for many years 
by Intel and others. While Net Work is 
not an IT feature, this month’s cohımn 
will help ensure readers are mindful 
of these potentially critical flaws. As 
things have turned out, similar defects 
affect processors found in most PCs, 
servers, tablets and smartphones. 
Risks were found in the way bytes of 
sensitive data, held in a processor’s 
supposedly protected kernel memory, 
could in fact be accessed from outside. 
Something impossible had apparently 
happened, when proofs of concept 
demonstrated how data such as logins, 
cookie text or passwords could be 
extracted from a CPU’s ‘privileged’ 
memory area. It appears the makings 
of this flaw had been mooted as far 
back as June 2017, referencing an Intel 
Xeon platform running Linux. (See 
Google’s Project Zero Blog at: https:// 
goo.gl/ixkqex). Interested stakeholders 
duly went public in January this year, 
causing pandemonium across the 
whole IT sector. 

Hardware, not software 

Secure data that had been cached 
could, in theory, be accessed by 
malware, infected web pages or scripts, 
due to the way that a CPU core tries 
to second-guess or ‘speculate’ what 
commands it might need to execute 
in the near future. This technique 
can leave remnants of sensitive data 
hanging ‘in limbo’ in the kernel where, 
as laboratory tests demonstrated, it 
could be intercepted (very slowly) 
by eavesdropping mahvare. These 
‘speculative side-channel execution’ 
flaws are hard-wired into processor 
Silicon and date back many years. 

The processing bugs have been 
dubbed ‘Meltdovm’ and ‘Spectre’. 
Meltdovm affects a wide range of 
legacy Intel processors and also a 
number made by ARM (as used in 
smartphones and tablets). Spectre 
tries to force programs to speculate 
the same way and reveal privileged 
data as a result; Spectre can reportedly 
affect AMD processors too. These are 
highly esoteric bugs that are said to be 


difficult to exploit, but the industry 
remains tight-lipped about whether 
the problem has already appeared in 
the wild. While it seems exceptionally 
unlikely, it is of course impossible to 
prove a negative, and the fall-out and 
legal liabilities created by these bugs 
will haunt CPU manufacturers for 
years to come. 

Ghostbusters 

As if personal computing devices 
aren’t already vulnerable, cloud-based 
Services such as Amazon Web Services 
were hit by the fallout too. The 
majority of web servers are Intel-based 
and by the time you read this, many 
if not most of them will have been 
updated, causing consternation in the 
IT industry because of a sometimes 
measurable performance hit to the 
system’s operating speed. A very 
digestible resource, including demos 
of Meltdovm and Spectre is hosted 
by Graz University of Technology at: 
https://meltdownattack.com 
Where does this leave the everyday 
user? It’s the typical game of cat and 
mouse that seasoned Internet users 
know too well, but there is a practical 
limit to what individuals can do 
to protect themselves. Microsoft 
States it has had no evidence that 
its customers have been attacked by 
Meltdown or Spectre. Early Windows 
patches issues by Microsoft ‘bricked’ 
some AMD-based computers, and 
due to rebooting problems Intel has 
since warned users to only install 
patches pushed onto them by their 
OS or motherboard vendor, and not 
manually try installing unproven 
CPU firmware patches at this time. 
It may never be possible to update 
a lot of legacy Computer or mobile 
hardware, and users will rely on 
software-level protection to guard 
against a hardware flaw that may 
never come to anything anyway. 

Keep up to date 

It’s beyond the scope of Net Work to 
delve deeply into individual Computer 
Systems, but we know that most 
readers use Windows-based or Linux 
machines and a number of Intel-based 
Macs are also caught in the net. The 
only thing users can do is to monitor 


updates and ensure that their personal 
computer’s operating systems and 
software are up t o date. In the case 
of Microsoft Windows, a Windows 
update will probably already have 
been installed (notably KB405689x), 
see information from Microsoft at: 
https://goo.gl/cptrwQ. Mac OS and 
Chromebook devices may already have 
been silently updated. Web browsers 
including Chrome and Firefox are also 
being updated to sidestep Meltdown 
and Spectre ‘timing attacks’ possibly 
originating on websites. Consider 
also using an ad blocker to prevent 
possibly hostile third-party adverts 
displayed on websites from attacking 
your Computer. Stili to come is the 
likely impact on Android smartphone 
or tablet owners and countless other 
smart devices containing embedded 
processors and software that may 
never be updatable. 

Don’t panic! 

Endeavouring to take a balanced 
view, the chances of being on the 
receiving end of Meltdown or Spectre 
are probably tiny in the first place, 
helped by fact that an embargo was 
placed on information about the flaw 
which gave manufacturers a breathing 
space to patch it. Having updated web 
browsers, the OS and everything else in 
sight, the author will simply sit tight, 
the same as always, and take any more 
updates as they come. There has been 
no discernable difference in everyday 
PC system speed after the Windows 
updates were automatically installed. 

Perhaps this is another nail in 
the coffin of home computing done 
the traditional way, and we will ali 
eventually give up and opt for dumb 
‘client’ computers (whether using 
faulty processors or not) networked to 
the cloud, where ali the heavy lifting 
and anti-malware measures are taken 
çare of for us. Microsoft, after ali, touts 
Windows 10 simply as a constantly 
rolling ‘service’ rather than an 
operating system; and trying to keep 
a personal Computer and its software 
up to date is proving increasingly 
onerous, unrewarding and time- 
consuming for its users. So hang on, 
there is more to come and it’s going to 
be a bumpy ride! 
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Teach-ln 8 - 
Exploring the Arduino 

This exciting series has been designed for electronics 
enthusiasts who want to get to grips with the inexpensive, 
immensely popular Arduino microcontroller, as well as coding 
enthusiasts who want to explore hardvvare and interfacing. 
Teach-ln 8 provides a one-stop source of ideas and practical 
information. 

The Arduino offers a remarkably effective platform for 
developing a huge variety of projects; from operating a set 
of Christmas tree lights to remotely controlling a robotic 
vehicle through wireless or the Internet. Teach-ln 8 is based 
around a series of practical projects with plenty of information 
to customise each project. The projects can be combined 
together in many different ways in order to build more 
complex systems that can be used to solve a wide variety of 
home automation and environmental monitoring problems. 
To this end the series includes topics such as RF technology, 
vvireless netvvorking and remote Web access. 


ON SALE in VVHSmith and other 
independent nevvsagents 
NOW! 


aıcnmcs 

■ TUCH-HSm 


£8.99 


FROM THE PUBLISHERS OF 


HAcncAi 

CfZSELBCTKONICS 


Ö[MM)[1)[1D©0R[]@ ‘ÜTCE 

o rcEntilyfii [temm rdîraTfl rarrTT pTrrraTffo frnrJI (jfh raTfffo 

o [?tog FfTTTTîft^ " 

o [Mw rerfiftırrfT^ 

O (§STTlTr rrT rfİ3SlIİjIIB a Q5IiIII3SLj OD [PSQ€IEtj] 



PLUS: PICs and the PlCkit 3 - A beginners guide 

The why and how to build PlC-based projects. An extra 12 part series based around the popular 
PIC microcontroller. 


FREE COVER-MOUNTED CD-ROM 

Containing the softvvare for the two series 


PRICE £8.99 

(inclldes P&P to UK if ordered direct from us) 


ORDER YOUR COPY TODAY JUST CALL 01202 880299 
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The Honda Insight equipped with air suspension, set to its lowestride height. 


Many luxury cars use air springs rather 
than steel springs. Air springs have 
multiple technical advantages över 
conventional steel springs, but the 
biggest is that the ride height of the car 
can be maintained at a constant level, 
irrespective of changing loads. Seeing 
these advantages, I decided to fit custom 
air suspension to one of my cars - a 2000 
model Honda Insight. 

Air springs are a lot more sophisticated 
than just squashed rubber balloons - but 
for the purposes of this article, it might 
be easiest to think about them in that 
way. Add more air to the spring, and ride 
height rises. Allow air to fiow out, and 
ride height falls. The movement of air is 
controlled by electric solenoid valves, 
with the high-pressure air provided by 
an on-board 12V electric compressor and 
a storage tank. Ride height is monitored 
by potentiometer-based sensors. And 
the controller making these decisions? 
I decided to use a pair of PlC-based 
modules from Australian company 
eLabtronics, with the modules running 
custom-developed software. 

Controller demands 

So what function does an air suspension 
electronic control system need to 
perform? At its simplest, it needs to 
monitor ride height and then trigger 
solenoid valves appropriately to 
maintain this height at a constant level. 
Hmm, sound easy? Well, let’s add some 
complexities. 

First, how do we measure ride 
height? As described above, typically, 
potentiometer-based sensors are used, 
mounted in parallel with the springs. 
As load increases, the springs are 
compressed and so the ride height 
decreases. But the springs also compress 
and extend with bumps - that’s their 
purpose! So how can we differentiate 
the measured ride height variations being 
caused by bumps with the variation being 
caused by ‘true’ ride height changes? An 
averaging function is needed so that the 


fast movements of bumps is ignored, but 
the slower movements of ride height 
changes are measured. 

But then it gets more complex. How 
long should this averaging period be? 
Movement of the springs with bumps 
are fast, so if we were to average över 
- say - 10 minutes, we’d get a good 
indication of the actual ride height. 
But what happens then if the car is 
stopped - and five people get into it? 
The suspension will compress, and we 
can’t wait 10 minutes before correcting 


the ride height - the suspension will be 
on its bump stops! 

Therefore, we really need two 
suspension height measuring modes - 
one that reacts quickly (people getting 
in and out) and one that reacts slowly 
(change of ride height caused by use 
of fuel, variation in load of mud or 
snow, or the temperature of the air 
within the springs changing). The ‘fast 
reaction’ averaging could be över (say) 
10 seconds, and the ‘slow reaction’ 
averaging över (say) 10 minutes. 



The Insight at maximum ride height Neither of these settings is used on the road. 
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The control system uses two eLabtronics PlC-based STEMSEL 
controllers working with two quad relay boards. The relays 
control solenoids that allow air toflow inlout ofthe air springs. 



A ride height sensor, shown before the wiring was completed. 
The car uses potentiometer-based sensors usually fitte d to 
Range Rovers. 


S o why not just make the averaging 
time 10 seconds in ali conditions? 
Imagine a long corner, where the car rolls 
and the outer suspension compresses. 
In that situation, a 10-second averaging 
technique will cause the system to try 
to inflate these outer springs! Thus, 
two different averaging modes really 
are needed. 

But how will the system know which 
mode to select? In the case of the 
eLabtronics controller, we decided to 
select the correct averaging mode by 
detecting how often the ride height 
sensor was changing in output. This is 
because when the car is being driven on 
the road, the suspension height outputs 
change frequently per second, while 
when the car is stopped, the ride height 
outputs change much less frequently. 

Hmm, now what about a driver control? 
A potentiometer input is also fitted for 
the driver, allowing the manual selection 
of ride height över a pre-fixed range. 
Finally, in the case of the Honda, I 


Read ali about it! 

The development ofthe air suspension 
system in the Honda - including its 
electronics - is covered in detail in 
the book ‘Custom Air Suspension’, 
published worldwide by Veloce. 
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How to Instatl air suıpomion in your road car an a budıatl 
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decided to control the rear air springs as 
a pair and the front springs separately. 

So let’s see how this is ali coming 
together; the controller requirements are: 

Analogue 0-5V input s 
#Rear suspension height 
0Front-left suspension height 
0Front-right suspension height 
#Driver height control pot 

Digital outputs 

0 Rear suspension up/ down solenoids 
0Front-left spring up / down solenoids 
0 Front-right spring up / down solenoids 
0Mode LED (this shows whether the 
slow or fast averaging mode has been 
selected by the software) 

The controller 

The selected 
eLabtronics product 
was the company’s 
STEMSEL modüle. 

This is a prebuilt 
(but unboxed) 
modüle that uses 
a PIC18F14K50 
microcontroller. 

The modüle has 12 
digital or analogue 
input/output pins, 
four driver outputs 
that can drive relays 
(and so operate 
the solenoids), 
an on-board 
USB connector 
that allows 
reprogramming 
from a PC or 
laptop, and it 
can be powered 
from the car’s 12V 
supply. In addition, 
it has a regulated 
5V output that was 
used to power the 
suspension height 
sensors and the 
dashboard height 
selection pot. 


The presence of only four driver 
outputs means that two STEMSEL 
modules were required - one for the 
front suspension and one for the rear. 
These work with two commercially 
available quad relay boards, with six 
of the eight relays used. 

Now what about programming the 
modüle? While I devised ali the logic of 
the control system, writing a program to 
achieve this is beyond my capabilities. 
However, eLabtronics had University 
of Adelaide intern engineer Daniel 
Çalandro working with them, and Daniel 
eagerly took up the challenge. Using the 
proprietary eLabtronics visual CoreChart 
coding approach, Daniel developed the 
air suspension controller software. 



The solenoids that control airflow. The rear springs are 
controlled as a pair and the front springs are controlled 
separately. 
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Part of my software design request was 
that key aspects of the software could 
be user-tuned to süit the application. 
These adjustable parameters were: 
#Hysteresis (the required difference 
between the driver height request and 
the actual suspension height before 
the system reacted) 

#Modes 1 and 2 averaging periods 
#Sensitivity of the mode selection 
subroutine 

The CoreChart program can easily be 
brought up on a laptop screen, the 
parameters in specific boxes altered, 
and then the revised program directly 
loaded into the modüle. This gives the 
required ‘tunability’. 

İn use 

So how well did the world’s first user- 
tunable, DIY automotive air suspension 
controller work? If I were to say to you 
that everything was just perfect out of the 
box, I’d be lying, but with relatively few 
software re-writes, the system was quickly 
controlling the suspension height. 

The user-adjustable tuning changes 
were very much a necessity - for 
example, I have ended up using different 
averaging settings for the front and 
back suspensions. I have also chosen 
to run quite a small hysteresis, so the 
suspension is maintained within a 
lOmm height window. 

In on-going use, a few hardware changes 
havebeen needed. At one stage, the power 
feed to one of the modules came adrift 
and inputted large spikes into the 5V 
regülatör, causing it to fail. We’ve since 
added some filtering protection on the 
power supply. The small 5V regülatör 
is also a little marginal when powering 
multiple parallel pots, as is the case when 
powering the suspension height sensors 
and the dashboard pot. It will be easier to 
power these pots from a separate 5 V supply. 

And did I mention the system is 
fun, too! The best ‘party trick’ is to 
sit on the öpen rear of the car, feel the 
suspension compress, and then almost 
immediately feel it rise underneath you 
to the original level. Hop off the back, 
and there’s a ‘shhhhhhhh!’ as the air is 
released and the rear then drops back 
to its correct level. 

On a more serious note, the use of air 
suspension in a small and lightweight 
car like the Honda Insight allows it to 
provide much improved ride quality 
(especially when carrying large loads) 
and also allows the driver to lower the 
car slightly on good road surfaces to 
improve aerodynamic efficiency and 
so reduce fuel consumption. 

And ali possible through the use of 
a few cheap microcontroller modules! 


Disclaimer 

I don’t benefit financially from the 
sales of the modules. I am happy 
to freely work with the company to 
develop applications that benefit my 
carmodification, and lam very happy 
for others to also gain from that. 



The compressor and air tank - when re-fitted , the bumper completely covers these 
components. The compressor is from a BMW X5 and the tank from a Porsche 
Cayenne. 



The eLabtronics CoreChart sof tware for the air suspension controller. Changes 
are easily made to vital tuning parameters to süit different car applications. 
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ITlıcromiTe 

SIIV1RL-E * INTERACTIVE • FUN 

COMPETITION 

This month, EPE and micromite.org are giving you another chance to win a fully assembled 28-pin MicroMite BackPack Modüle 
complete with 2.8" Touch Screen. For details about this povverful, yet compact modüle, turn to page 12 in the May 2017 edition of EPE. 

To enter, simply send an email to epe@micromite.org with the email subject as: 

BP28 DDS Raffle 

Please ensure you email before the closing date: 31 March 2018 
The name of the lucky winner will be published in a future edition of EPE. 

Look out for future competitions to win other fantastic Micromite products. 

Good Luck! 


3. The winner will be notified by email within one week after the closing date 

4. The vvinner will need to confirm a valid address for their prize to be shipped 

5. A UK vvinner will have their prize sent via Royal Mail's Special Delivery service 

6. An overseas vvinner will have their prize sent by Royal Mail's International Tracked & Insured service 




T&Cs 

1. You may enter as many times as you wish 
2. Ali entries must be received by the closing date 


— 

EPE Chat Zone has a new home... 

... the EPE Magazine area on EEWeb 

Our legacy Chat Zone forum is reaching end of life, so come and join fellovv hobbyists, 
students and engineers in the EEWeb electronics forums. 

Visit www.eeweb.com and go to the EPE Magazine sub-topic in the forums, or just 
browsearound! 

There’s something to interest everyone involved in electronics. 
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Practical DSP-Parti 


H ELLO again! While Mike O’Keeffe 
takes a break from writing to dive 
into the joys of parenthood, I am back 
to fiil his boots for a short time. This 
provides an opportunity for a clean 
break from Mike’s current subjects, so 
we thought it would be a great time 
to look into a topic that we have not 
yet covered in PIC n’ Mix - namely, 
‘digital signal processing’ - or ‘DSP’ 
for short. It’s a fascinating area with 
some fairly complex mathematics 
behind it, but we will focus on 
practical applications, and have some 
fun along the way. First though, here’s 
a bit of background. 

What is digital signal processing? 

DSP is the process of taking a signal, 
converting it into a digital form, 
and performing signal processing or 
analysis on that digital representation 
of the original signal. The types of input 
signals that are suitable for use with 
DSP algorithms various enormously - 
audio signals from a microphone, video 
from a camera, vibration signals from a 
sensor on a rotating machine shaft are 
just some examples. You can even apply 
DSP to slowly changing signals such as 
daylight levels, or changes in heart rate 
(very relevant in neonatal çare.) 

Real-world applications run from 
the tuning of church bells during 
manufacture to the detection of 
planets orbiting distant stars. The 
latter example has led to the detection 
of planets outside of our solar system. 

There are a number of signal pro¬ 
cessing techniques that digital signal 
processing encompasses, but the 
technique which has fascinated the 
author since university days is the 
transformation of a signal from the ‘time 
domain’ to the ‘frequency domain’. 

So, what do these terms actually 
mean? A signal whose value (amplitude 
for example) is recorded över a period, 
a time interval, is being represented in 
the time domain. A signal whose value 
is recorded över a range of frequencies 
is being represented in the frequency 
domain. You can see an example of 
these two representations of the same 
signal in Fig.l. 

The example in Fig.l is very simple, 
but it clearly demonstrates how to 


visualise the translation of a signal in 
the time domain into the ffequency 
domain. Consider, however, a situation 
where your input signal is a mix of many 
different frequencies. Being able to 
transform such a signal, in real time, into 
its component frequencies enables some 
very interesting processing capabilities. 
Examples include looking for signals at 
particular frequencies (akin to bandpass 
filtering) or even simply visualising the 
frequency components of a signal - such 
as for an audio spectrum display on a 
Hi-Fi amplifier. 

The process of transforming a 
signal from the time domain to the 
frequency domain is called ‘Fourier 
transformation’. The 18th century 
French scientist and mathematician 
Joseph Fourier invented this 
mathematical system, long before its 
practical applications were realised. 

The computational method for 
performing the transformation is called 
the ‘discrete Fourier transform’ (DFT), 
which deals with translating a ünite 
set of input signal levels (ie, a short 
sample period) into a corresponding set 
of frequency components. The actual 
algorithm that is used within digital 
systems is called the ‘fast Fourier 
transform’ (FFT.) This is an algorithm 
that yields the same results as a DFT, 
but is highly optimised. Surprisingly, 
the DFT algorithm was also discovered 
long before any practical applications 



Fig. 1. Two different ways of displaying the 
same signal - a 1kHz sinewave graphed 
in the time and the freguency domains 


were available, and certainly well 
before the advent of computers. 

In this series of articles we will 
be exploring the application of the 
DFT to analogue signals. Many of 
the applications of digital signal 
processing require expensive digital 
hardware and sensing systems, but 
there are many practical applications 
that can fail within a hobbyist’s 
price range, while stili being useful, 
educational and fun. 

The consequence of limiting the 
cost of the system we create will 
be resolution, signal frequency and 
accuracy. There are however many 
applications where those speciüc 
limitations are perfectly acceptable. 

Fast! 

The mathematics behind FFT is 
complex, and beyond the scope 
of these articles. However, for our 
purposes ali we need to know is some 
of the background and principles of 
application. Fortunately, the engineers 
at Microchip have created highly 
efücient DSP software libraries that we 
can access and build into our projects, 
and Microchip provide these libraries 
for free. If this series of articles whets 
your appetite to dig deeper into the 
theory there are a number of very good 
university tutorial videos available for 
free, on-line. An excellent introductory 
overview is given here: https://youtu. 
be/spUNpyF58BY. (Incidentally, the 
same YouTube author also offers some 
excellent introductions to calculus, 
neural networks, machine learning 
blockchain technology and other 
important and topical mathematical 
subjects - thoroughly recommended!) 

The principle of operation is 
straightforward enough: take a series 
of samples of your data at regular time 
intervals, and store them into a buffer. 
Adjust those samples to match the 
format required by your FFT function 
and then cali the FFT function to 
transform the data from the time 
domain to the frequency domain. Last, 
examine the resulting data and take an 
action on it. This worküow is shown 
in Fig.2, highlighting what operations 
occur within the hardware Circuit, and 
what occurs on-chip. 
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Fig.2. Overview of a DSP workflow (hardware and software) 


The signal conditioning stage is a 
combination of scaling your signal to 
maximise the full range of the ADC 
input voltage swing, and also some 
low-pass filtering to minimise any high 
frequency signals or noise, above our 
sampling frequency, which many cause 
unexpected ‘ghost’ signals to appear in 
your data. This process is called ‘anti- 
alias filtering’. We will explore the 
effects of aliasing next month. 

Processor selection 

Let’s now move away from the 
theory and look at how we can 
start experimenting with a practical 
solution. Microchip offers a number 
of processors with DSP-assisting 
instructions built into the chip, but 
it basically comes down to a choice 
between three processor families: the 
PIC32MZ, dsPIC30 or dsPIC33. The 
PIC32MZ has the highest clock speed 
and largest memory availability, but 
we have selected the dsPIC33 family as 
this range offers devices with dual-in- 
line (DİL) packaging - ideal for simple 
breadboard tests. Specifically, we have 
selected the dsPIC33EP512GP502-I/SP, 
a 28-pin DİL device, which is cheap, 
readily available from distributors 
such as Farnell (part code 2406557) 
and has plenty of on-chip resources. 
It is also compatible with the PICKIT-3 
debugger/programmer, our favourite 
low-cost interface. Here is a summary 
of what you get from this processor, ali 
for the price of a pint of beer: 

• 512KB Flash memory 

• 48KB RAM 

• 500,000 samples per second 12- 

bit ADC 

• CAN bus interface 

• 21 GPIO pins 


• DSP-instructions 

• On chip high-speed oscillator 

• 70MHz clock speed 

• 3.OV to 3.6V operation 

Plus, ali the usual timers, PWM, SPI, 
I 2 C interfaces that you would expect 
from Microchip. The pin-out for this 
device is shown in Fig.3. 

With the on-chip high speed oscillator, 
calibrated to within 1%, there is no need 
to add an external crystal oscillator. 
This is ideal, as it allows us to build the 
test Circuit on a breadboard, with just 
a few decoupling capacitors and pull- 
up resistor required to complete the 
minimal hardware. 

S of t wa re 

Many microcontroller vendors 
provide DSP algorithms within their 
free software libraries, even for j 
processors that do not have special ' 
DSP instructions in hardware. s 
Microchip provide two sources 
of DSP libraries: one within the 
Harmony software framework, 
designed specifically for the — 

PIC32MZ family of processors, 
and second, a separate dsPIC DSP 
library, provided as part of the XC16 
compiler, for the dsPIC family of 
processors. Since we have selected the 
dsPIC33 processor we will make use of 
the latter. Do be careful not to confuse 
the two should you search on-line. 

We will build our software within 
the MPLAB-X IDE, using the free 
version of the XC16 compiler. With 
the addition of the PICKIT-3 debugger/ 
programmer unit, this represents a 
very low cost set-up. We will cover 
the XC16 compiler installation next 
month. 


Hardware design 

Fig.4 shows the minimal components 
required to start testing the DSP 
capabilities of the dsPIC33 processor. 
Three lOOnF capacitors, a lOpF 
tantalum capacitor and a 4.7kQ resistor 
complete the basic requirements. 
Two LEDs have been added here to 
aid debugging; half a dozen hook-up 
wires need to be added to make this 
breadboard good to go and ready to 
connect to the PICKIT-3 debugger/ 
programmer interface. 

If you decide to follow along with 
us on this journey and are using a 
similar breadboard setup, make sure 
your breadboard is a good one, and not 
something you have had in your shed 
for the last ten years. While ali the 
high frequency signals are on-chip, 
your ability to program the device 
reliably may be impacted by old, 
tarnished connections. Fault finding 
these issues can be frustrating! 
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Fig.3. Fin out for our digital signal processing PIC of choice - the inexpensive 28-pin 
dsP!C33EP512GP502-I/SP, a DİL device. 


Fig.4. Our basic DSP hardware - details 
next month 

The PICKIT-3 also serves as a power 
supply for the processor, freeing us 
from the need to provide an additional 
regülatör circuit to the board. At a 
push, however, the circuit will run 
directly from a pair of AA celi batteries 
because the processor can operate över 
the 3.OV to 3.6V range. 

As you can see from this board 
layout, initially, we are not connecting 
sensors. Our first software tests will 
be made with pre-computed data 
samples, allowing us to know exactly 
what data is going into the FFT 
function. This minimises the number 
of things that can go wrong. We will 
add sensor input via the ADC önce the 
basics are working. 

Our aim in this series of articles is 
to leave you with a reference hardware 
design and source code that will 
enable you to explore this fascinating 
branch of electronics to your own 
ends. We hope to hear from you on 
your progress in DSP! 

Next month 

In Part 2 we will discuss building the 
initial hardware and look at how to 
incorporate the DSP libraries provided 
by Microchip. 
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Regular Clinic 


by Ian Bell 


High-frequency signals and low-pass filters 


A LITTLE while ago user 741 posted 
a question about low-pass filters on 
the EPE Chat Zone. As regular readers 
will know, this forum has since been 
retired and EPE ‘chat’ is now hosted 
on EEWeb (www.eeweb.com/forum). 
The old forum is stili available in read- 
only-mode, but new discussions can 
be started on EEVVeb using the tag ‘EPE 
Magazine’ to mark threads as being 
EEE-related. 

Returning to 741’s question, he asks: 
‘Op amps have GBW (gain-bandwidth 
product), say 10MHz. If this was an 
amplifier circuit (not a filter), then 
(ignoring phase gremlins), the relation 
G = l/p gets less accurate as A (open- 
loop gain) falls with frequency. At 
100kHz, A is 100, so the relation holds 
well, but at 1MHz, we need to use G = 
A/(1+AP)... Ithink. 

How does the performance of say 
an MFB (multiple-feedback) low- 
pass filter suffer with rising input 
frequency? Suppose we have a 1kHz 
low-pass filter. You feed in 10kHz, 
and it maybe works ‘well’. You apply 
1MHz, and it starts to act up.’ 


İnput «T Output -►V. 


Fig. 1. Simple electronic system; the gain 
is V ou /V in . 

Back to basics 

Starting with circuit fundamentals, 
a filter or amplifier is an electronic 
system (see Fig. 1) which reproduces 
the signal on its input (v in ) on its 
output (v out ). Typically, the output 
has different amplitude and power 
delivery capabilities. The ratio of 
output to input signal level v out / 
v in is the voltage gain (G) and very 
often (as in 741’s question) we are 
interested in how the gain of a circuit 
varies with frequency, known as the 
‘frequency response’ of the circuit. 
Often, a frequency response is shown 
by plotting a graph of gain against 
frequency (see Fig.2, which we will 
discuss in more detail shortly). Such 
a plot can obtained by measurement 
in a lab, by simulation or by plotting 
a mathematical function derived from 
analysis of the circuit. The frequency 
response graph can be used to help 
decide if a circuit is appropriate for 


Gain (dB) 
10 1 - 



100 200 300 500 lk 2k 3k 5k lOk 


Frequency(Hz) 


Fig.2. Example frequency response graph 
of a I.OkFiz low-pass filter. 

our intended purpose. Frequency 
response requirements may be used 
as part of the specification for a circuit 
design. 

The question also prompts some 
more specific points - how we 
interpret the well-known negative 
feedback gain equation G = A/(1+Ap) 
in the context of op amp filters and 
why the performance of specific low- 
pass filter circuits may degrade at 
relatively high frequencies. We will 
look at this after introducing some 
basics of frequency response plots and 
filter characteristics. 

Filters are circuits that pass signals 
(from input to output) for a certain 
range of frequencies (called the pass 
band) while rejecting signals at other 
frequencies (in the stop band). For 
signals within the pass band the 
filter may have high gain, low gain 
or even attenuation - the key thing is 
not the specific gain, but the fact that 
the gain will diminish significantly 
with respect to the pass band for 
frequencies outside this pass band. 
As its name implies, a low-pass filter 
should pass signals only if they are 
below a given frequency, called the 
‘cut-off frequency’. 

Decibels 

On frequency responses graphs 
gain is often plotted using a scale in 
decibels (dB) versus the logarithm of 
frequency. The definition of a decibel 
is also logarithmic and is based on the 
power ratio of two signals P 1 and P 2 - 
specifically, the power ratio in decibels 
is given by: 10 x log 10 (E 2 /E 1 ) dB, where 
PJP 1 is the power gain (eg, P out /P in ), or 
P 1 is an agreed reference level and P 2 is 
a measured value. The term ‘decibel’ 


means one tenth (deci, hence d) of a 
bel (symbol B). One bel is log 10 (E 2 /E 1 ), 
but as we use 10 x log 10 (E 2 /E 1 ) we are 
counting in tenths of a bel. The bel is 
named after Alexander Graham Bell. 

The definition of the decibel is 
based on power, but we are often 
interested in voltage levels and voltage 
gains. Power is related to the square 
of voltage, specifically P = WE for a 
voltage (V) across a resistor (E). If we 
square something inside a logarithm 
it is equivalent to multiplying the 
log by two (without the square); that 
is, logfy 2 ) = 2 x log(y). So for voltage 
gains, we assume a reference resistor 
(E) that cancels out when we find E out / 
P in = (Kut mnv^/R) = V out W in 2 , we 
get a voltage gain in decibels of 2 x 10 
X iog 10 (Ku,/Kn) = 20 X io gl0 (v out /v in ). 

On the decibel scale, a gain of 1 is 0 
dB, gains greater than 1 (amplification) 
are positive and gains less than one 
(attenuation) are negative. The graph 
in Fig.2 shows a filter with unity-gain 
at low frequencies and increasing 
attenuation at high frequencies. The 
scale points of -10, -20, -20, -40... 
correspond to attenuations of 1/3.2, 
1/10, 1/32 and 1/100 respectively. 
To covert from a voltage gain (G) 
expressed in dB to a simple numerical 
gain find 10 (G/20) . For a power gain use 

^q(G/io)_ 

Being able to interpret decibel 
values, and plots using decibels and 
log frequency is very useful when 
working with filters. The log-log scale 
allows details of responses to be seen 
över a very wide range of frequency 
and gain, which would be lost with 
a linear plot. However, if they are 
not read correctly the importance of 
small features may seem exaggerated 
- you need to be able to interpret the 
dB values in terms of their actual 
relevance to the circuit you are 
working with. Having a feel for what 
the numbers mean (eg, a -40dB output 
is 100 times smaller than the input 
voltage) helps. 

Brick wall 

An ideal low-pass filter would pass 
ali signals below the cut-off and 
completely reject ali signals above the 
cut-off. The frequency response graph 
would look like Fig.3. Unfortunately, 
this perfectly sharp cut-off, which 
is referred to as a ‘brick wall’ filter, 
cannot be physically implemented. 
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Fig.3. Frequerıcy response graph of a 
1.0kHz ‘Brick Wall’ low-pass filter. This 
perfect filter cannot be built as a real 
Circuit. 

Instead, real filters have a more gradual 
decrease in gain in the transition from 
pass band to stop band; for example, 
the frequency response in Fig.2. The 
question then arises as to where the 
cut-off is taken to be along the smooth 
curve. The usual answer is that the 
cut-off is defined to be the frequency at 
which the output power from the filter 
falls to half that in the pass band, this 
is 10 x log 10 (0.5) = -3 dB. For example, 
for the response shown in Fig.2, the 
cut-off frequency is 1kHz (the same as 
the brick wall filter in Fig.3). 

Ali filters deviate from the ideal 
brick wall filter, so the question a 
Circuit designer faces is what is good 
enough, or most suitable for the 
application? The purpose of a filter is 
to remove unwanted frequency content 
from a signal because it will cause 
problems in the following circuitry or 
output signal. The attenuation of the 
unwanted signal has to be sufficient 
to prevent its presence from being 
problematical. The filter specification 
becomes more demanding if the 
wanted and unwanted signals are 
close in frequency, because this 
requires a filter to be closer to the 
ideal, but impossible-to-achieve brick 
wall response. In many situations 
where a filter is required the unwanted 
frequencies will be close, or moderately 
close, to the wanted signal, and there 
may be very little unwanted signal 
strength at much higher frequencies. 
In such cases the performance of 
the filter at these higher frequencies 
may not be particularly important. 
However, this is not always the case 
and some applications demand filters 
with good performance över a very 
wide range of stop band frequencies. 



It is therefore important to understand 
the limitations of some types of low- 
pass filter Circuit at high frequencies. 
This is exactly the issue raised by 741. 

Feedback equation 

74Vs question makes reference to the 
feedback gain equation G = A/(1+Ap), 
in which G is the gain of the whole 
circuit with feedback, A is the gain 
of the amplifier to which feedback 
is applied and p is the proportion of 
the output signal applied as negative 
feedback. A is called the ‘open-loop 
gain’ of the amplifier, this does not 
change when the external feedback is 
applied - it is an internal property of 
the amplifier. However, the gain of the 
whole circuit is strongly dependent 
on the feedback, as well as being 
influenced by A. We have discussed 
feedback theory in Circuit Surgery 
(November 2016) and showed how 
this equation simplifies to G = l/p 
if A is very large (eg, hundreds of 
thousands), which it typically is for 
op amps at low frequencies. This is 
an important result because it means 
the gain of the circuit only depends on 
the external feedback components (eg, 
the resistors in an op amp amplifier 
circuit) and not on the value of the 
open-loop gain of the amplifier itself. 

The G = A/(1+Ap) equation is 
obtained by drawing a system diagram 
to represent the relationships between 
the signals in the circuit and finding the 
gain (output/input) of the system. This 
diagram is an abstract representation 
of the behaviour of the circuit and is 
used because it provides a useful basis 
for mathematical analysis. System 
diagrams like this are frequently 
used in control systems design - the 
technique is applicable well beyond 
analysis of circuits such as amplifiers. 

System diagrams 

Some Standard op amp amplifier 
circuits are shown in Fig.4. The most 
straightforward case for developing a 
system diagram is the non-inverting 
amplifier. Here it is clear to see that 
the output is fed back to the inverting 
input via a potential divider. The 
fraction of the output voltage that 
appears at the junction of the two 
resistors is the feedback fraction p. 
The circuit input is applied directly 
to the non-inverting input of the op 
amp. Thus the input is added and the 
feedback subtracted at the amplifier 


input. This leads to the system 
diagram in Fig.5, which can be used 
to derive the equation 741 quotes. 
This was done in the November 2016 
article, so we will not repeat it here. 

An important point about the system 
diagram in Fig.5, and the equation 
obtained from it, is that it applies 
specifically to the non-inverting 
amplifier. It may, but does not 
necessarily, apply to other amplifier 
circuits. For example, as was also 
pointed out in the November 2016 
article, the system diagram for the 
inverting amplifier is not exactly the 
same as the one in Fig.5. This means 
that the equations G = A/(1+Ap) and 
G = l/p do not apply to the inverting 
amplifier; for example the simplified 
equation for the inverting amplifier is 
G = (1—1/p). This is not always made 
clear when op amp feedback theory is 
discussed. 

The non-inverting amplifier is 
sufficient for explaining the general 
principles of feedback theory, so the 
variants are not presented, and it is 
easy to assume the non-inverting 
equations apply to ali circuits. This is 
directly relevant to 74Vs question - in 
a later post he commented Tt’s hard to 
work out what p is for many filters’. 
Filter circuits may have more complex 
feedback structures than basic 
amplifiers, so the assumption that 
the non-inverting amplifier feedback 
equation can be straightforwardly 
applied may be wrong. 

To obtain equations for the input- 
output relationships of single op 
amp filters, like the MFB filter 
741 mentions, we typically apply 
basic circuit theory (eg, Ohm’s and 
Kirchhoff’s laws) together with 
idealised op amp characteristics (zero 
input current, and zero voltage across 
the inputs due to the very high gain in 
combination with negative feedback). 
On the other hand, the basic theory 
that gives us G- A/(1+Ap) and G - l/p 
does help explain, in general terms, 
what happens to op amp circuits as 
frequency increases and this is related 
to high-frequency performance issues 
with filters such as the MFB. 

Compensation 

Fig.6 shows the frequency response of 
a typical op amp’s open-loop gain and 
the closed-loop gain of an amplifier 
(eg, inverting and non-inverting 
amplifiers) built using the op amp. In 
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Fig.5. System diagram for the non-inverting op amp amplifier 
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Fig.6. Typical form of the öpen- and 
closed-loop frequency responses of an 
op amp amplifier. 


both cases this is a low-pass response. 
The direct-coupled, DC-amplifying, 
nature of the op amp circuit means 
that the gain does not also roll off at 
low frequencies, as it would for a 
capacitively coupled amplifier. The 
open-loop op amp has full gain at DC, 
but this starts dropping at a very low 
frequency compared to those at which 
many op amp applications operate. 
The cut-off frequency is typically 1 
to 10Hz, with the falloff in gain above 
that frequency being 20dB per decade 
(tenfold increase in frequency). This 
low cut-off frequency for the open- 
loop gain is deliberately designed into 
the op amp to prevent instability when 
feedback is applied and is known as 
‘compensation’. 

The closed-loop gain (G) of an op 
amp amplifier is set by the feedback 
resistors, as mentioned above, and is 
usually much lower than the open- 
loop gain. As frequency increases, the 
closed-loop gain remains constant at 
l/p until the approximation A - l/p no 
longer holds due to the open-loop gain 
(A) at that frequency (and above) being 
too low. At these higher frequencies 
the closed-loop gain decreases along 
with the open-loop gain (see Fig.6). 
The cut-off frequency for the closed- 
loop response is typically at a much 
higher frequency than the cut-off 
frequency point of the open-loop gain. 

As the op amp’s gain extends from 
DC, the frequency at which the closed- 
loop gain starts dropping off is equal 
to the circuit’s bandwidth (range of 
frequency it can amplify) at that closed- 
loop gain. The lower the closed-loop 
gain, the higher the frequency at which 
the closed-loop frequency response 


intersects the open-loop response 
and starts decreasing. The straight- 
line nature of the open-loop response 
in Fig.6 means that if you multiply 
the closed-loop gain and closed-loop 
bandwidth together for any closed- 
loop gain you get the same value. This 
is called the ‘gain-bandwidth product’ 
(GBW) and is an indication of how 
‘high frequency’ an op amp is. Fixed 
GBW is common for op amps, but not 
universal, as it depends on the form of 
compensation used. 

From the preceding discussion 
we see that application of negative 
feedback to a very high gain amplifier 
(op amp) makes the circuit gain 
insensitive to the gain of the amplifier 
itself. This effect breaks down at 
frequencies where the amplifier’s 
gain is not significantly larger than 
the circuit gain. Negative feedback 
has other significant effects on circuit 
performance, for example it reduces 
the effective output impedance. Like 
amplifier-independent gain-setting, 
the feedback magic is lost for these 
effects too at high frequencies; for 
example, effective output impedance 
may increase at high frequencies. 
The equations G = A/(1+Ap) and G = 
l/p quoted by 741 may only relate to 
gain and may only apply to specific 
circuits but, together with the op 
amp frequency response curve, they 
demonstrate the general principle of 
feedback providing improved circuit 
performance, which is lost at high 
frequencies due to diminished open- 
loop gain. The problem with the MFB’s 
(and similar low-pass filters’) gain 
increasing at high frequencies is due 
to an increase in output impedance. 

Analysis 

Fig.7 shows a Sallen-Key filter, which 
is a single op amp filter circuit, like 
the MFB filter mentioned by 741. At 
very high frequencies the capacitors 
in the circuit behave like short circuits 
leading to the simplified version of 
the circuit shown in Fig.8. The op 
amp has been replaced by a unity-gain 
buffer (this is the role it performs in 
this circuit). Given that the buffer’s 
input is shorted to ground, the buffer’s 
internal voltage source is producing 
OV. This is the same as connecting the 
internal side of the output impedance 
to ground, allowing us to further 



Fig.9. Further simplification of the 
equivalent circuit in Fig.8. 
simplify the equivalent circuit to that 
shown in Fig.9. 

Looking at Fig.8 we see that R 2 and 
R 0 are in parallel, but typically R 2 is at 
least 100-times larger than R ö , so we 
can ignore R 2 . Thus v out is relate d to v in 
by the potential divider formed by R t 
and R ö , and so:. 

y _ R 0 V u, 

out {R 0 +R ı) 

However, again, R 1 is typically about 
100-times larger than R ö , so in this 
case we can ignore R ö in the sum of 
the resistances, giving an approximate 
value of v out as: 


The output of the real filter circuit is 
a combination of the unwanted signal 
given by the above equation and the 
ideal filter response. At low frequencies 
the ideal response dominates, but as 
frequency increases, the op amp’s 
gain decreases, so the effective 
value of R ö increases, increasing the 
contribution of the unwanted signal to 
the total output. At high frequencies 
this unwanted signal dominates the 
circuit’s output. The MFB suffers in a 
similar way, although the equivalent 
circuit model is different. 

Simulation 

The behaviour of Sallen-Key and 
MFB filters at high frequencies can 
be observed using simulations. 
Fig.10 shows a schematic used for a 
simulation of MFB and Sallen-Key 
filters implemented using Linear 
Technology’s model of their LT1002A 
op amp, which is supplied with 
LTspice. The Sallen-Key filter is also 
implemented with an ideal op amp 




Fig.8. Simplified equivalent circuit for the filter in Fig. 7 at very 
high freguencies. 
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Sallen-Key Circuit attenuates signals 
above 1MHz by 40dB (one hundredth), 
whether or not this is acceptable 
would depend on the application. The 
MFB Circuit is much better: -lOOdB 
at 1MHz is an attenuation of one 
hundred-thousandth. 

Further reading 

Readers interested in more details on 
this topic are directed towards Jim 
Karki’s application reports from Texas 
Instruments. 

Kar ki, J., Active Low-Pass F ilter Design, 
Rev. B, 2002, Texas Instruments 
Application Report SLOA049B. 

www.ti.com/litv/pdf/sloa049b 

Karki, J., Analysis of the Sallen-Key 
Architecture, Rev. B, 2002, Texas 
Instruments Application Report 
SLOA024B. 

www.ti.com/litv/pdf/sloa024b 


Fig. 10. Schematic for LTspice simulation 
comparirıg ideal, Sallen-Key and MFB 
low-pass filters. 


model, which will have zero output 
impedance at ali frequencies and 
hence not suffer from the problem 
described above. 

The results of the simulation are 
shown in Fig. 11 and demonstrate the 
issue mentioned by 741. It can be seen 
that both the Sallen-Key and MFB filters 
suffer from the problem of increased 
gain at high frequencies in comparison 
with the ideal Circuit, but the MFB 
circuit exhibits better performance. 

The exact performance of the circuits 
will depend on the op amp used and 
relevant external component values. 

The simulation only shows the effect 
of using the realistic op amp model. 

The influence of other components’ 
non-ideal behaviour and physical 
layout are not included, but may need 
to be considered in real circuits at 
high frequencies. In this example, the Fig.11. LTspice simulation results from the Circuit in Fig. 10. 
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Variable audio filters 


effect. In most audio 
equipment, this is 
usually done manual- 
ly with switches and 
potentiometers. In 
musical instruments, 
such as synthesisers, 
and dynamic equal- 
isers, much faster 
control is needed, and 
to achieve this the fil- 
ter’s (corner) frequen- 
cy needs to be elec- 

Fig.l. Inverse logarithmic (anti-log) potentiometers are needed for honically controlled 
filter Controls, since frequency goes up as resistance is reduced - anc ^ we will look at 
the frequency increasing as the knob is turned clockvvise (CW). some ways of doing 

this next month. 



After amplifiers, filters are the next most 
important Circuit elements in audio be- 
cause the basic building blocks of sound 
are amplitude and frequency. Musical 
instruments, the human vocal tract and 
loudspeakers ali embody multi-pole 
filters. In Audio Out, Jan 20161 gave de- 
sign details for a fixed single-frequency 
Sallen-Key filter block using fixed resis- 
tors and capacitors (see also Teach-In 7). 
However, a variable corner frequency 
filter is often needed for audio/music 
applications, since it is essential to be 
able to tüne a Circuit for the best musical 



Fig.2. Not ali log/anti-log potentiometer 
curves have the same inflection points. Be 
careful when calibrating frequency Con¬ 
trols - change the potentiometer and you 
may have to reprint the front panel. This 
Behringer fourth-order active crossover fre- 
quency control was remarkably inaccurate. 


Going potty 

Just as with volüme, human frequency 
perception exhibits a logarithmic (‘log’ 
for short) response. We respond to oc- 
taves, which are frequency doublings. 
We hear the pitch difference between 
200Hz and 400Hz, for example, as the 
same as between 400Hz and 800Hz. In 
conventional RC filter circuits the cor¬ 
ner frequency is inversely proportion- 
al to the change in capacitance or re¬ 
sistance. Therefore, a potentiometer’s 
corner-frequency-setting resistance 
has to decrease with clockwise rota- 
tion to increase the corner frequency. 
Also, for a variable frequency panel 
control to sound correct as it is rotat- 
ed, the increase in frequency must be 
logarithmic. This means that inverse 
log (anti-log) potentiometers have to be 
used, as illustrated in Fig.l. Anti-log 
potentiometers are generally denot- 
ed by the letter ‘C’ after their value. 
These potentiometers are the opposite 
(inverse) to the normal log pots used 
for volüme Controls and can be hard 
to source because they are only used 
in audio, but they are available from 
Tayda (www.taydaelectronics.com) . 

Remember that ali potentiometer 
audio-taper laws are approxima- 
tions and the curves differ between 
different makes; for example, Alps 
potentiometers have their half-way 
point at 83.5% of track resistance, 


Part 1 



Fig.3. Special dual-track potentiometer for 
filters with only three pins (six are normal). 


Low-resistance 



Wiper plus cw CW NC 
CCW tracks 


Fig.4. Internal track construction of a 
special filter potentiometer. 

while Bourns are usually at 90% with 
respect to the full CW rotation track 
value. This does not matter much with 
normal volüme Controls, where the 
ear readily accommodates such differ- 
ences, but where exact calibration of 
Controls is expected, such as the exact 
frequency values on an active crosso¬ 
ver, it can be a problem. (I measured 
the frequency setting on a Behringer 
active crossover to be 780Hz when 
set to 1.2kHz, an error of 58% - but 
at least it was correct at both extremes 
of the potentiometer rotation! - see 
Fig.2.) Some expensive equipment 
such as API EQ units avoid the vari- 
ability of potentiometer audio-taper 
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Fig.5. (left) Sallen-Key filter for a sound effects generator, (right) filter PCB with dual-gang potentiometer - note orılythree wires to pot needed 


laws by using gold-plated switches 
and lots of well-defined 1% resistors 
for repeatability - essentially in the 
style of R&D test equipment. However, 
in musical applications, potentiome- 
ters are preferred because users need 
to be able to set a frequency between 
two discrete steps and hence have the 
ability to smoothly tüne by ear. 

Occasionally, some strange frequency 
Controls turn up. When replacing some 
dual-gang equaliser (EQ) frequency 
potentiometers in an Ailen and Heath 


GL3300 mixer, I was surprised to find 
they had three connections rather than 
the expected six, as shown in Fig.3 
and 4. This was possible because both 
sections were wired as two-terminal 
rheostats/variable resistors and not 
potentiometers. It eliminates one 
wiping contact, a majör source of noise 
and wear. 

Variable Sallen-Key filter 

Let’s look at a real example. I recently 
modified the Sallen-Key filter de- 
sign described in 
Audio Out, Jan 
2016 to create 
a variable-cor- 
ner-frequency fil¬ 
ter by replacing 
the fixed resistors 
with a dual-gang 
potentiometer. 
This was used 
in a synthesis- 
er based around 
a ring-modula- 
tor made for Eat 
Static (www. 
eatstatic.co.uk). 
Most musical in- 
strument filters 
are second-order 
low-pass types, 
because this mim- 
ics the effect of 
sound boards and 
wooden bodies, 
and this is what 
is described here. 
An equal-com- 
p onent-value 
version of the 
Sallen-Key could 
have been used, 
but that would 
have introduced 
unwanted gain. 
The version I opt- 
ed for is shown 
in Fig.5. It uses 
two different-val- 
ue capacitors, so 
only a unity-gain 
voltage follower 
is needed. I used 


a 2Mf2 anti-logarithmic dual-gang 
Plessey moulded-track potentiometer 
to get a large frequency range and long 
life. Because of the potentiometer’s 
high resistance I had to use a TL071 
FET input op amp. It was consequently 
noisy, but that didn’t matter because 
there was a VCA after it, muting 
the hiss during gaps between notes. 
The Circuit was constructed on the 
Standard Sallen-Key PCB shown, also 
described in Jan 2016. 

State-variable filter 

Another fixed-component filter 
topology that can be adapted to use 
variable components is the state-var¬ 
iable filer (SVF). This design is more 
complex than Sallen-Key, but that 
added complexity simultaneously 
provides three filters in one: low-pass, 
band-pass and high-pass outputs (see 
Fig.6a, b, and c) which opens up many 
possibilities for more complex signal 
Processing. It does this by using a pair 
of integrators to form a low-pass filter 
then subtracting this low-pass output 
from the input signal, generating an 
exact mirror-image high-pass out¬ 
put. Its dual high-pass and low-pass 
outputs (Fig.7) make it ideal for use 
in active crossovers because it can 
split the audio signal into bass and 
treble components to feed separate 
amplifiers for the woofer and tweet- 
er. Active crossovers for PA systems 
usually use an SVF because only half 
as many resistors are needed to set 
the crossover frequency compared to 
using Sallen-Key filters. This halves 
the number of gangs required on the 
frequency potentiometer - an impor- 
tant engineering consideration. 

One problem with the state-variable 
approach is that the high-pass and low- 
pass cut off frequencies are exactly the 
same for Butterworth response. If a large 
offset/overlap with a Butterworth char- 
acteristic or different value of Q around 
the crossover is needed, as is often the 
case with real loudspeaker drive units, 
then the designer must resort to two sep¬ 
arate filters. The degree of overlap can 
be controlled to some degree however 
with the SVF by varying the Q (Fig.8). 



Fig.6. Response curves of state-variable filter: a) [top] Low-pass, b) (mid- 
dle) high-pass c) (bottom) band-pass showing different Q settings. Note 
the scale is ldB per a division. The whole vertical scale is 25dB. 



Fig.7. State-variable response curve shovving crossover function by 
overlaying high-pass and low-pass response curves. 
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Fig.9. Notch function generated by adding high 
in a state-variable filter. 

The Q (a measure of the amount of 
resonance) of the SVF is more stable 
and controllable compared to the Sal- 
len-Key. This makes it an ideal hasis 
for parametric equalisers, an expensive 
tone control used in studios which 
allows smooth control of signal param- 
eters: boost/cut frequency, Qand level. 
This allows one to exactly equalise any 
frequency response anomalies. Önce 
you have used a parametric you will 
never want to go back to the fixed-fre- 
quency bands and Q of a graphic equal- 
iser. Douglas Self s Small Signal Circuit 
Desigrı gives an excellent SVF-based 
parametric equaliser Circuit. 

Another advantage of the SVF 
approach, is that low-pass and 
high-pass outputs can be summed 
together electronically to give useful 
effects. Equal mixing of both outputs 
together will give a notch response 
(Fig.9). Unequal mixing, say with 
a ratio of 90% low-pass with 10% 
high-pass can give a roll-off with 
a notch, called an elliptical func¬ 
tion, as illustrated in Fig.10. This is 


and low-pass outputs second-order design this only occurs at the -3dB crossover dip. Also 
shown are (middle) the maximum damping/lowest Q and (bottom) 
+3dB peaking response points. 
useful for active crossovers, where 


the notch can be used to suppress 
a speaker resonance. If one output 
is inverted before mixing, a flat re¬ 
sponse, albeit with a phase shift or 
all-pass response, is obtained - see 
Fig.ll.This is very useful because 
the high-pass and low-pass outputs 
can be processed separately before 
mixing back together. Effectively, 
this means the bass and treble com- 
ponents of an audio signal can be 
given individual treatments before 
being recombined. This is the hasis of 
multi-band processing and is useful 
in a ‘de-esser’, a unit where the high 
frequency sibilant sounds of speech 
are limited separately from the rest 
of the audio. Another application 
is exciters, such as the BBE Sonic 
Maximiser, which modulates the 
higher frequencies and boosts the 
bass. One more esoteric device is 
the Optimod compressor for radio 
stations. This splits the signal into 
five bands, compresses them then 
mixes them back together to give that 


characteristically ‘impressively loud’ 
American radio sound. 

Fig.12 shows a second-order SVF, 
which is the simplest possible 
version. A PCB design is shown in 
Fig.13. The track layout and over- 
lay are given in Fig.14. Capacitors 
are used to block DC through the 
potentiometers, preventing scratch- 
ing if bipolar op amps, such as the 
NE5532, are used. Note the 330kQ 
resistors (R17, R18) to maintain a DC 
path around the Circuit. The spare op 
amp (IC2b) is available to use as an 
inverter or summing stage for mixing 
the outputs. 

Electrical control 

The potentiometer sections can be 
replaced by control elements, such as 
operational transconductance ampli- 
fiers (OTAs), light-dependant resistors 
(LDRs) or JFETs to provide electrical 
control. Blackmer gain cells, such as 
the 2180 voltage controlled amplifier 
(VCA) chips (which have much lower 
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Fig.13. SVF built for design developmerıt 
use. Note the big polystyrene capacitors 
svvitched in to divide the frequency by a fac- 
tor of ten. 

distortion than OTAs and FETs) can 
also be used, resulting in a precision 
low-distortion (0.05%) Hi-Fi filter. 
Another advantage of the Blackmer 
gain-cell is its logarithmic change in 
frequency with control voltage, unlike 
OTAs, which are linear. Potentiome- 
ters, FETs and LDRs often have bad 
tracking between the sections, which 
can cause changes in the shape of the 
curve as the frequency response is 
varied. Using VCAs and OTAs gives 
consistency between sections and 
the respective control pins can be 
paralleled together and controlled 
from a single variable DC voltage. This 
approach is more reliable, accurate 
and cheaper to do than using a mul- 
ti-gang potentiometer. On the other 
hand, potentiometers do provide the 
lowest distortion (typically less than 
0.001%) and for this reason some 
designers avoid VCAs. 


Fig.15 shows a third-order version 
of the SVF, which was used in some 
Fender bass guitar combos, Pulse and 
Ashly active crossovers (see Fig.16). 


Fig.17 shows the fourth-order SVF 
configuration, such as that used by 
Behringer and Brooke Siren Systems 
active crossovers. It uses a four-gang 




Fig.14. State-variable PCB layout/overlay. 
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Fig.15. Third-order (18dB/octave) state-variable filter (useful in active loudspeaker designs). 


anti-log potentiometer in its simplest 
form. In Part 2 (next month) we’ll in- 
sert some 2180 VCA chips to achieve 
voltage control. 

Sloping off 

A popular configuration of an 
active crossover filter is the ‘Butter- 
worth-squared’ design, mathematical 
terminology for two Butterworth filters 
in series, popularised in Linkwitz-Ri- 
ley speaker crossovers. This is often 
favoured in active crossover filters for 
PA use, such as the Behringer. There is 
a -6dB dip between the two sections 
at the crossover frequency, which 
theoretically gives a constant acoustic 
power radiation through the crossover 
region (where both woofer and tweeter 
ar e radiating together). The -6dB dip 
can also be achieved by decreasing the 
Q on a fourth-order state-variable. The 
problem with this approach is that it 
assumes a flat response and constant 
radiation angle from the drivers well 
beyond the crossover frequency, 
which is rarely the case. 


Sometimes high-Q, second-order 
high-pass filters are used with small 
reflex speakers to give extra exten- 
sion and volüme in the bass. In this 
case, the peak of the filter is tuned 
to coincide with the port resonance 
where the power handling is greatest. 
Variable frequency and Q Controls are 
a good way to optimise a given loud¬ 
speaker system. These speakers sound 
impressive but do not sound accurate 
on acoustic music because of the in- 
creased group delay (rate of change of 
phase with frequency) which spoils 
the transient response. 

Anti-aliasing and recovery filters 
with very steep slopes are now rarely 
used in digital audio, because high 
sample rates, noise shaping and over- 
sampling techniques render them un- 
necessary. They also sound strange - 
you can sometimes hear the effect with 
a smearing of the sound of high-hats 
on early CD players. For further filter 
reading, I recommend Don Lancaster’s 
Active-Filter Cookbook and Douglas 
Self s The Design of Active Crossovers. 




Fig.17.Fourth-order (24dB/octave) SVF, 
often used in crossovers for PA systems. 
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EPE IS PLEASED TO BE ABLE TO OFFER YOU THESE 

ELECTRONICS CD-ROMS 


SUCCESS 

EDUCATKHMAL SÜİTE 


GCSt: ELECTRONİCS 



£12.50 

ine. VAT and P&P 


Suitable for any student who is serious about studying and who vvants to achieve 
the best grade possible. Each program’s clear, patient and structured delivery will 
aid understanding of electronics and assist in developing a confident approach to 
ansvvering GCSE questions. The CD-ROM will be invaluable to anyone studying 
electronics, not just GCSE students. 

* Contains comprehensive teaching material to cover the National Curriculum 
syiiabus * Regular exercises reinforce the teaching points *Retains student 
interest with high guality animation and graphics * Stimulates iearning through interaetive exercises * Provides 
sample examination ques-tions with model Solutions * Authored by praetising teachers *Covers ali UK 
examination board syllabuses * Caters for ali levels of ability * Useful for self-tuition and revision 



SUBJECTS COVERED 

Electric Circuits - Logic Gates - Capacitors & Inductors - Relays - Transistors - Electric Transducers - Operational 
Amplifiers - Radio Circuits - Test Instruments 


Över 100 different seetions under the above headings 


CIRCUIT WIZARD 

Circuit VVizard is a revolutionary softvvare system that combines Circuit design, PCB design, simulation and CAD/CAM 
manufacture in one complete package. Two versions are available, Standard or Professional. 

By integrating the entire design process, Circuit VVizard provides you with ali the tools necessary to produce an electronics project from start to 
finish - even ineluding on-sereen testing of the PCB prior to construction! 

* Circuit diagram design with component library (500 components Standard, 1500 components Professional) * Virtual 'Instruments 
(4 Standard, 7 professional) * On-screen animation * Interactive Circuit diagram simulation * True analogue/digital simulation 

* Simulation of component destruetion * PCB Layout * Interactive PCB layout simulation * Automatic PCB routing * Gerber export 

* Multi-level zoom (25% to 1000%) * Multiple undo and redo * Copy and paste to other software * Multiple document support 

This softvvare can be used with the Jump Start and Teach-lrı 2011 series (and the Teach-ln 4 book). 

Standard £61.25 ine. VAT. Professional £75 plus VAT. 


TINA Design Süite V11 

Anaiogue. Digital, Symbolic, RF, MCU and Mixed-Mode Circuit 
Simulation and PCB Design with TINA 

TINA Design Süite VII is a powerful yet affordable softvvare package for 
analysing, designing and real time testing anaiogue, digital, MCU, and mixed electronic 
circuits and their PCB layouts. You can also analyse RF, communication, optoelectronic 
circuits, test and debug microcontroller applications. 

Enter and analyse any Circuit up to 100 nodes (student), or 200 with the Basic (Hobbyist) 
version vvithin minutes with TINA’s easy-to-use schematic editör. Enhance your schematics 
by adding text and graphics. Choose components from the large library containing more than 
10,000 manufacturer model s. Analyse your Circuit through more than 20 different analysis 
modes or with 10 high tech Virtual instruments. 

Present your results in TIN A’s sophisticated diagram windows, on Virtual instruments, or in 
the live interaetive mode where you can even edit your Circuit during operation. 

Customise presentations using TIN A’s advanced dravving tools to control text, fonts, axes, 
üne width, colour and layout. You can create and print documents directly inside TINA or cut 
and paste your results into your favourite word procesing or DTP package. 

TINA ineludes the follovving Virtual İnstruments: Oscilloscope, Function Generator, 
Multimeter, Signal Analyser/Bode Plotter, Netvvork Analyser, Spectrum Analyser, Logic 
Analyser, Digital Signal Generator, XY Recorder. 

This offer gives you a CD-ROM - the softvvare vvill need registering (FREE) vvith Designsoft 
(TINA), details are given vvithin the package. 

Get TINA Basic V11 (Hobbyist) for £129 or Student VII version for £49 

Prices inciude VAT and UK postage 

+ get a 1 year free subseription for TINACIoud the breakthrough cloud version of TINA which you can run on most 
operating systems and computers, ineluding PCs, Macs, thin clients iPads and other tablets - even on many smart 
phones, smart TVs and e-book readers. 

To order please e it her fiil out and ret um the order form, or cali us on 01202 880299 
Alternatively you can order via oursecure oniine shop at: WWW.epemag.COm 























































PİCmicro TUTORIALS AND PROGRAMMING 

- HARDVVARE - 


PİCmicro Multiprogrammer Board 
and Development Board 

Suitable for use with the three software packages 
Usted below 

This flexible PİCmicro microcontroller programmer board and 
combination board allovvs students and professional engineers 
to learn how to program PİCmicro microcontrollers as well 
as program a range of 8, 18, 28 and 40 pin devices from the 
12, 16 and 18 series PİCmicro ranges. For those who want to 
learn, choose one or ali of the packages below to use with the 
hardvvare. 

• Makes it easier to develop PİCmicro projects 

• Supports low cost Flash-programmable PİCmicro devices 

• Fully featured integrated displays - 16 individual LEDs, quad 
7-segment display and alphanumeric LCD display 

• Supports PİCmicro microcontrollers with A/D converters 

• Fully protected expansion bus for project work 

• USB programmable 

• Compatible with the E-blocks range of accessories 



£118 including VAT and postage 


ASSEMBLY FOR PİCmicro 
V6 

(Formerly PİCtutor) 

Assembly for PİCmicro microcontrollers V3.0 
(previously knovvn as PİCtutor) by John Becker 
contains a complete course in programming 
the PIC16F84, 16F88 and 16F877a PİCmicro 
microcontroller from Arizona Microchip. İt starts with 
fundamental concepts and extends up to complex 
programs including vvatchdog timers, interrupts and 
sleep modes. 

The CD makes use of the latest simulation 
techniques vvhich provide a superb tool for learning: 
the Virtual PİCmicro microcontroller, this is a simulation 
tool that allovvs users to vvrite and execute MPASM 
assembler code for the PIC16F84 microcontroller on- 
screen. Using this you can actually see what happens 
inside the PİCmicro MCU as each instruction is 
executed, vvhich enhances understanding. 

• Comprehensive instruction through 45 tutorial 
sections • Includes Vlab, a Virtual PİCmicro 
microcontroller: a fully functioning simulator • 
Tests, exercises and projects covering a wide 
range of PİCmicro MCU applications • Includes 
MPLAB assembler • Visual representation of a 
PİCmicro shovving architecture and functions • 
Expert system for code entry helps first time users 

• Shovvs data flovv and fetch execute cycle and has 
challenges (vvashing machine, lift, crossroads ete.) 

• Imports MPASM fileş. 



- SOFTVVARE - 

‘C’ FOR 16 Series PİCmicro 
Version 5 

The C for PİCmicro microcontrollers CD-ROM is 
designed for students and professionals vvho need 
to learn hovv to program embedded microcontrollers 
in C. The CD-ROM contains a course as vvell as ali 
the softvvare tools needed to create Hex code for a 
vvide range of PİCmicro devices - including a full 
C compiler for a vvide range of PİCmicro devices. 

Although the course focuses on the use of the 
PİCmicro microcontrollers, this CD-ROM vvill 
provide a good grounding in C programming for 
any microcontroller. 

• Complete course in C as vvell as C 
programming for PİCmicro microcontrollers • 
Highly interaetive course • Virtual C PİCmicro 
improves understanding • Includes a C compiler 
for a vvide range of PİCmicro devices • Includes 
full İntegrated Development Environment • 
Includes MPLAB softvvare • Compatible vvith most 
PİCmicro programmers • Includes a compiler for 
ali the PİCmicro devices. 



This softvvare vvill run on VVindovvs XP or 
later operating systems 


FLOVVCODE FOR 
PİCmicro V7 

Flovvcode is a very high level language programming 
system based on flovveharts. Flovvcode allovvs you 
to design and simulate complex systems in a matter 
of minutes. A povverful language that uses maeros 
to facilitate the control of devices like 7-segment 
displays, motor controllers and LCDs. The use 
of maeros allovvs you to control these devices 
vvithout getting bogged down in understanding the 
programming. When used in conjunction vvith the 
development board this provides a seamless solution 
that allovvs you to program chips in minutes. 

• Requires no programming experience 

• Allovvs complex PİCmicro applications to be 
designed quickly 

• Uses international Standard flovv chart symbols 

• Full on-sereen simulation allovvs debugging and 
speeds up the development process. 

• Facilitates learning via a full süite of 
demonstration tutorials 

• Produces code for a vvide range of devices 

• 16-bit arithmetic strings and string manipulation 

• Pulse vvidth modulation 

• I2C. 

Please note: Due to popular demand, Flovvcode is 
novv available as a dovvnload. Please inelude your 
email address and a username (of your choice) on 
your order. A unique dovvnload code vvill then be 
emailed to you. 





PRICES 

Prices for each of the CD-ROMs above are: 

(Order form on next page) 

(UK and EU customers add VAT to ‘plus VAT’ prices) 




Single License.£99 plus VAT 

Site Licence.£499 plus VAT 

Flovvcode.Contact us for pricing 

(choose PIC-8b, PIC-16b, PIC-32b, AVR/Arduino,ARM) 
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ELECTRONICS TEACH-IN 2 CD-ROM 

USING PIC MICROCONTROLLERS A PRACTICAL 

INTRODUCTION 

This Teach-lrı series of articles was originally published 
in EPE in 2008 and, follovving demand from readers, has 
now been collected together in the Electronics Teach-ln 2 
CD-ROM. 

The series is aimed at those using PIC microcontrollers 
for the first time. Each part of the series includes breadboard 
layouts to aid understanding and a simple programmer 
project is provided. 

Also included are 29 PIC N’ Mix articles, also 
republished from EPE. These provide a hoşt of practical 
programming and interfacing information, mainly for 
those that have already got to grips with using PIC 
microcontrollers. An extra four part beginners guide to 
using the C programing language for PIC microcontrollers 
is also included. 

The CD-ROM also contains ali of the softvvare for the 
Teach-ln 2 series and PIC N’ Mix articles, plus a range 
of items from Microchip - the manufacturers of the PIC 
microcontrollers. The material has been compiled by 
VVimborne Publishing Ltd. with the assistance of Microchip 
Technology İne. 


Order code ETI2 CD-ROM 


ELECTRONICS TEACH-IN 3 CD-ROM 

The three seetions of this CD-ROM cover a very wide range of 
subjects that will interest everyone involved in electronics, from 
hobbyists and students to professionals. The first 80-odd pages 
of Teach-ln 3 are dedicated to Circuit Surgery the regular EPE 
clinic dealing with readers’ queries on Circuit design problems 
- from voltage regulation to using SPICE Circuit simulation 
softvvare. 

The second seetion - Practically Speaking - covers the 
practical aspects of electronics construction. Again, a vvhole 
range of subjects, from soldering to avoiding problems with 
static electricity and indentifying components, are covered. 
Finally, our collection of Ingenuity Unlimited circuits provides 
över 40 Circuit designs submitted by the readers of EPE. 

The CD-ROM also contains the complete Electronics 
Teach-ln 1 book, vvhich provides a broad-based introduetion 
to electronics in PDF form, plus interaetive quizzes to test your 
knovvledge, TINA Circuit simulation softvvare (a limited version - 
plus a specially vvritten TINATutorial). 

The Teach-ln 1 series covers everything from Electric Current 
through to Microprocessors and Microcontrollers and each part 
includes demonstration circuits to build on breadboards or to 
simulate on your PC. 

CD-ROM «,5o 


ELECTRONICS 
TEACH-IN BUNDLE - 
FOR PARTS 1,2, 3 & 4 


l 


ORDERING 

ALL PRICES INCLUDE UK 
_ POSTAGE _ 

Standard/Student/Basic (Hobbyist) 

Version price includes postage to most countries 
in the world EU residents outside the UK add £5 for 
airmail postage per order 


Please send me: CD-ROM ORDER FORM 

Version required: 

□ Assembly for PİCmicro V5 □ Single License 

□ ‘C’ for 16 Series PİCmicro V5 □ Site licence 



Note: The softvvare on each version is the same, only the licence for use varies. 


□ PİCmicro Multiprogrammer Board and Development Board (hardvvare) 


□ Circuit Wizard - Standard 

□ Circuit Wizard - Professional 

□ GCSE Electronics 

□ TINA Design Süite VII Basic (Hobbyist) 

□ TINA Design Süite VII (Student) 

Full name:. 

Address:. 

.Post code:.Tel. No: 


□ Teach-ln 2 

□ Teach-ln 3 

□ Teach-ln 4 

□ Teach-ln Bundle 


Signature:. 

□ I enelose cheque/PO in £ sterling payable to VVİMBORNE PUBLİSHİNG LTD for £ 

□ Please charge my Visa/Mastercard: £. 

Valid From:.Card expiry date:. 


Card No: 


Card Security Code. 

(The last 3 digits on or just under the signature strip) 


ELECTRONICS TEACH-IN 4 CD-ROM 

A Broad-Based İntroduetion to Electronics. 

The Teach-ln 4 CD-ROM covers three of the most important 
electronics units that are currently studied in many schools 
and colleges. These inelude, Edexcel BTEC level 2 avvards 
and the electronics units of the new Diploma in Engineering, 
Level 2. 

The CD-ROM also contains the full Modern Electronics 
Manual, vvorth £29.95. The Manual contains över 800 pag¬ 
es of electronics theory, projects, data, assembly instruc- 
tions and web links. 

A package of exceptional value that will appeal to ali those 
interested in learning about electronics or brushing up on 
their theory, be they hobbyists, students or professionals. 


Order code ETI4 CD-ROM 


ELECTRONICS 
TEACH-IN 6 



ONLY AVAILABLE ON CDROM 

ELECTRONICS TEACH-IN 
6 - 

A COMPREHENSIVE GUİDE 
TO RASPBERRY Pi 
Mike & Richard Tooley 

Teach-ln 6 contains an exciting 
series of articles that provides a complete introduetion to 
the Raspberry Pi, the low cost Computer that has taken 
the education and computing vvorld by storm. 

This latest book in our Teach-ln series will appeal to 
electronic enthusiasts and Computer buffs vvanting to get 
to grips with the Raspberry Pi. 

Anyone considering what to do with their Pi, or maybe 
they have an idea for a project but don’t know how 
to turn it into reality, will find Teach-ln 6 invaluable. İt 
covers: Programming, Hardvvare, Communications, Pi 
Projects, Pi Class, Python Ouickstart, Pi World, Home 
Baking ete. 

The book comes with a FREE cover-mounted DVDROM 
containing ali the necessary softvvare for the series so 
that readers can get started quickly and easily with the 
projects and ideas covered. 



160 Pages 


Order code ETI6 


£8.99 


Single License and Site License Versions 

- overseas readers add £5 to the basic price 
of each order for airmail postage (do not add 
VAT unless you live in an EU (European Union) 
country, then add VAT at 20% or provide your 
official VAT registration number). 

Send your order to: 

Direct Book Service 
VVimborne Publishing Ltd 
113 Lynvvood Drive, Merley, 
VVimborne, Dorset BH21 1UU 

To order by phone ring 

01202 880299. Fax: 01202 843233 

Goods are normally sent vvithin seven days 

E-mail: fay.kearn@wimborne.co.uk 

Online shop: 

www.epemag.com 
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DIRECT BOOK SERVİCE 




PYTHON CODING ON THE BBC MICRO:BIT 
Jim Gatenby 

Python is the leading programming language, easy to learn and vvidely used by profession- 
al programmers. This book uses MicroPython, a version of Python adapted for the BBC 
Micro:bit. 

Among the many topics covered are: The main features of the BBC micro:bit including a 
simulation in a Web brovvser screen; The various levels of programming languages; The Mu 
Editör for vvriting, saving and retrieving programs, with sample programs and practice exer- 
cises; REPL, an interactive program for quickly testing lines of code; Scrolling messages, 
creating and animating images on the micro:bit’s LEDs; Playing and creating music, sounds 
and synthesized speech; Using the on-board accelerometer to detect movement of the 
micro:bit on three axes; A glossary of computing terms. 


ror Beginners of Any Age 

Python 
Coding on 
the BBC 
micmbit 



This book is vvritten using plain English and avoiding technical jargon vvherever possible and 
covers many of the coding instructions and methods vvhich are common to most program¬ 
ming languages. İt should be helpful to beginners of any age, vvhether planning a career in 
computing or vvriting code as an enjoyable hobby. 


The books listed have been 
selected by Everyday Practical 
Electronics editorial staff as 
being of special interest to 
everyone involved in electronics 
and computing. They are 
supplied by mail order direct to 
your door. Full ordering details 
are given on the last page. 


FOR A FULL 

DESCRIPTION OF THESE 
BOOKS AND 

CD-ROMS SEE THE SHOP 
ON OUR VVEBSITE 

www.epemag.com 


Ali prices include 
UK postage 


MICROPROCESSORS 


INTERFACING PIC MICROCONTROLLERS - 
SECOND EDITION Martin Bates 


118 Pages 


Order code PYTH MBIT 


£7.99 



GETTING STARTED WITH THE BBC MICROıBIT 
Mike Tooley 

Not just an educational resource for teaching youngsters coding, the BBC micro:bit is a tiny low 
cost, low-profile ARM-based single-board Computer. The board measures 43mm x 52mm but de- 
spite its diminutive footprint it has ali the features of a fully fledged microcontroller together with a 
simple LED matrix display, two buttons, an accelerometer and a magnetometer. 

Mike Tooley’s book will shovv you how the micro:bit can be used in a wide range of applications 
from simple domestic gadgets to more complex control systems such as those used for lighting, 
Central heating and security applications. Using Microsoft Code Blocks, the book provides a Pro¬ 
gressive introduction to coding as well as interfacing with sensors and transducers. 

Each chapter concludes with a simple practical project that puts into practice what the reader has 
learned. The featured projects include an electronic direction finder, frost alarm, reaction tester, 
battery checker, thermostatic controller and a passive infrared (PIR) security alarm. 


THEORY AND 
REFERENCE 


No previous coding experience is assumed, making this 
book ideal for complete beginners as well as those with 
some previous knovvledge. Self-test questions are provided 
at the end of each chapter, together vvith ansvvers at the end 
of the book. So vvhatever your starting point, this book will 
take you further along the road to developing and coding 
your ovvn real-world applications. 


108 Pages 


Order code BBC MBIT 


£7.99 


298 pages 


Order code NE48 


PROGRAMMİNG 16-BIT PIC MICROCONTROLLERS 
İN C 

- LEARNING TO FLY THE PIC24 Lucio Di Jasio 
(Application Segments Manager, Microchip, USA) 


496pages +CD-ROM 


Order code NE45 


£38.00 


İNTRODUCTİON TO MICROPROCESSORS AND 
MICROCONTROLLERS - SECOND EDITION 
John Crisp 


222pages 


Order code NE31 B 


THE PIC MİCROCONTROLLER 

YOUR PERSONAL INTRODUCTORY COURSE - 

THIRD EDITION. John Morton 


270 pages 


Order code NE36 4 


PIC İN PRACTİCE (2nd Edition) 


David W. Smith 

308 pages 


Order code NE39 


MİCROCONTROLLER COOKBOOK 
Mike James 


240 pages 


Order code NE26 


£24.99 


£36.99 


PRACTİCAL ELECTRONICS HANDBOOK - 
6th Edition. lan Sinclair 


440 pages 


Order code NE21 


£33.99 


STARTİNG ELECTRONICS - 4th Edition 
Keith Brindley 


296 pages 


Order code ELSEV100 


£18.99 


ELECTRONIC CIRCUITS - FUNDAMENTALS & 
APPLICATIONS - Updated version Mike Tooley 


400 pages 


Order code TF43 


FUNDAMENTAL ELECTRICAL AND ELECTRONIC 
PRINCIPLES - Third Edition C.R. Robertson 


368 pages 


Order code TF47 


A BEGINNER’S GUIDE TO TTL DIGITAL ICs 
R.A. Penfold 


142 pages 


OUTOF PRINT BP332 


£5.45 


UNDERSTANDING ELECTRONIC CONTROL SYSTEMS 
Owen Bishop 


228 pages 


Order code NE35 


£36.99 


BOOK ORDERİNG DETAİLS 


Ali prices include UK postage. For postage to Europe (air) and the rest of the vvorld (surface) please 
add £3 per book. Surface mail can take up to 10 weeks to some countries. For the rest of the vvorld 
airmail add £4 per book. CD-ROM prices include VAT and/or postage to anyvvhere in the vvorld. Send a 
PO, cheque, international money order (£ sterling only) made payable to Direct Book Service or card 
details, Visa or MasterCard to: DİRECT BOOK SERVİCE, VVIMBORNE PUBLISHING LIMITED, 

113 LYNW00D DRIVE, MERLEY, VVIMBORNE, DORSET BH21 1UU. 

Books are normally sent vvithin seven days of receipt of order, but please allovv 28 days for delivery - more for overseas orders. 
Please checkprice and availability (see latestissue of Eve ryday Practical Electronics,! before ordering from oldlists. 

For a full description of these books please see the shop on our vvebsite. 

Tel 01202 880299 Fax 01202 843233. E-mail: fay.kearn@wimborne.co.uk 

Order from our online shop at: www.epemag.com 
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COMPUTING AND ROBOTICS 



(^İffilî^0D@/İMllOlI9 



295 pages 


Order code NE38 


£41.00 


HOW TO BUILD A COMPUTER MADE EASY 
R.A. Penfold 


120 pages 


Order code BP707 


EASY PC CASE MODDING 
R.A. Penfold 


192 pages + CDROM | 


Order code BP542 


£8.49 


£8.99 


FREE DOVVNLOADS TO PEP-UP AND PROTECT YOUR 
PC 

R.A. Penfold 


128 pages 


Order code BP722 


£7.99 


WINDOWS XP EXPLAINED 
N. Kantaris and P.R.M. Oliver 


264 pages 


Order code BP514 


£7.99 


ARDUINO FOR DUMMIES 

John Nussey 


THE INTERNET - TWEAKS, TIPS AND TRICKS 
R. A. Penfold 


128 pages 


Order code BP721 ' 


Arduino is no ordinary Circuit board. VVhether you’re an artist, 
a designer, a programmer, or a hobbyist, Arduino lets you 
learn about and play with electronics. You’ll discover how to 
build a variety of circuits that can sense or control real-world 
objects, prototype your own product, and even create Inter¬ 
active artvvork. This handy guide is exactly what you need to 
build your own Arduino project - what you make is up to you! 

• Learn by doing - start building circuits and programming 
your Arduino with a few easy examples - right away! 

• Easy does it - work through Arduino sketches line by line, 
and learn how they work and how to write your own. 

• Solder on! -don’t know a soldering iron from a curling iron? 
No problem! You’ll learn the basics and be prototyping in 
no time. 

• Kitted out - discover new and interesting hardvvare to turn 
your Arduino into anything from a mobile phone to a Geiger 
counter. 


eBAY - TVVEAKS, TIPS AND TRICKS 
R. A. Penfold 


128 pages 


Order code BP716 


£7.50 


AN INTRODUCTION TO eBAY FOR THE OLDER 
GENERATION 


Cherry Nixon 

120 pages 


Order code BP709 fil \ 


HOW TO FIX YOUR PC PROBLEMS 
R.A. Penfold 


128 pages 


Order code BP705 


£8.49 


AN INTRODUCTION TO WINDOWS VISTA 
P.R.M. Oliver and N. Kantarris 


COMPUTING FOR THE OLDER GENERATION 
Jim Gatenby 


308 pages 


Order code BP601 


ANDROIDS, ROBOTS AND ANIMATRONS 
Second Edition - John lovine 


224 pages 


Order code MGH1 


ROBOT BUILDERS COOKBOOK 
Owen Bishop 


366 pages 


Order code NE46 


£8.99 


£16.99 


£26.00 


INTRODUCING ROBOTICS WITH LEGO 

MINDSTORMS 

Robert Penfold 


288 pages + 


Order code BP901 


£14.99 


MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS - Robert Penfold 


298 pages 


Order code BP902 


HOW TO FIX YOUR PC PROBLEMS 
R. A. Penfold 


128 pages 


Order code BP705 


WINDOWS 7 - TVVEAKS, TIPS AND TRICKS 
Andrevv Edney 


120 pages 


Order code BP708 


£8.49 


£8.49 


GETTING STARTED İN COMPUTING FOR 
THE OLDER GENERATION 
Jim Gatenby 


120 pages 


Order code BP704 


WINDOWS 8.1 EXPLAINED 
Noel Kantaris 


180 Pages 


Order code BP747 


COMPUTING WITH A LAPTOP FOR THE OLDER 

GENERATION 

R.A. Penfold 


120 pages 


Order code BP702 


• Become an Arduino savant - find out about functions, ar- 
rays, libraries, shields and other tools that let you take your 
Arduino project to the next level 

• Get social - teach your Arduino to communicate with soft- 
ware running on a Computer to link the physical vvorld with 
the Virtual vvorld 


438 Pages 


Order code ARDDUM01 


£19.99 



120 pages 

VVINDOVVS 8.1 EXPLAINED 


Order code BP703 


£8.49 



VALVE AMPLIFIERS - 4th Edition 
Morgan Jones 


288 pages 


Order code ELSEV33 


£46.99 


BUİLDİNG VALVE AMPLIFIERS 
Morgan Jones 


368 pages 


Order code NE40 


AN INTRODUCTION TO EXCEL SPREADSHEETS 
Jim Gatenby 


18 pages 


RASPBERRY Pl 


£8.49 


AN INTRODUCTION TO THE NEXUS 7 

118 Pages £8.99 

KINDLE FİRE HDX EXPLAINED 

118 Pages £8.99 



EXPLORING ARDUİNO 
Jeremy Blum 

Arduino can take you anyvvhere. This book is the roadm- 
ap. 

Exploring Arduino shovvs hovv to use the vvorld’s most 
popular microcontroller to create cool, practical, artistic 
and educational projects. Through lessons in electrical 
engineering, programming and human-computer interac- 
tion this book walks you through specific, increasingly 
complex projects, ali the vvhile providing best practices 
that you can apply to your own projects önce you’ve 
mastered these. You’ll acquire valuable skills - and have 
a vvhole lot of fun. 

• Explore the features of several commonly used Arduino 
boards * Use the Arduino to control very simple tasks or 
complex electronics • Learn principles of system design, 
programming and electrical engineering • Discover code 
snippet, best practices and system schematics you can ap¬ 
ply to your original projects • Master skills you can use for 
engineering endeavours in other fields and with different 
platforms 


357 Pages 


Order code EXPARD01 


£26.99 



Raspberry Pi 


RASPBERRY Pi FOR DUMMIES 

Sean McManus and Mike Cook 

Write games, compose and play music, even explore electronics - it’s easy as Pi! 
The Raspberry Pi offers a plateful of opportunities, and this great resource guides 
you step-by-step, from dovvnloading, copying, and installing the softvvare to learn- 
ing about Linux and finding cool nevv programs for work, photo editing, and music. 
You’ll discover hovv to vvrite your ovvn Raspberry Pi programs, create fun games, and 
much more! Öpen this book and find: What you can do with Python; Ways to use the 
Raspberry Pi as a productivity tool; Hovv to surf the web and manage fileş; Secrets 
of Sonic Pi music programming; A guide to creating animations and arcade games; 
Fun electronic games you can build; Hovv to build a 3D maze in Minecraft; Hovv to 
play music and videos on your Raspberry Pi. 


400 Pages 


Order code RPİDUM01 


£17.99 


RASPBERRY Pi MANUAL: A practical guide to the 
revolutionary small Computer 


176 pages 

RASPBERRY Pİ USER-GUIDE 

262pages 


Order code H001 


Order code JW001 


£17.99 


£20.90 


PROGRAMMİNG THE RASPBERRY Pi 

192 pages 


Order code MGH4 


GETTING STARTED WITH RASPBERRY Pi 


164 pages 


Order code OR01 


£10.99 


£11.50 
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TEACH-IN BOOKS 



ELECTRONICS 
TEACH-IN 5 


ELECTRONICS 
TEACH-IN 6 


ELECTRONICS 
TEACH-IN 7 




ONLY AVAILABLE ON CDROM 


ELECTRONICS TEACH-IN 5 

Jump Start - 15 design and 
build Circuit projects dedicated 
to nevvcomers or those follovving 
courses in school and colleges. 

The projects are: Moisture Detector, Quiz Machine, Battery 
Voltage Checker, Solar-Povvered Charger, Versatile Theft 
Alarm, Spooky Circuits, Frost Alarm, Mini Christmas Lights, 
iPod Speaker, Logic Probe, DC Motor Controller, Egg Timer, 
Signal Injector Probe, Simple Radio Receiver, Temperature 
Alarm. 

PLUS: 

PIC’ N MIX - starting out with PIC Microcontrollers and PRAC- 
TICALLY SPEAKING - the techniques of project construction. 
FREE CD-ROM - The free CD-ROM is the complete 
Teach-ln 2 book providing a practical introduction to PIC 
Microprocessors plus MikroElektronika, Microchip and 
L-Tek PoScope softvvare. 



ONLY AVAILABLE ON CDROM 

ELECTRONICS TEACH-IN 
6 - 

A COMPREHENSIVE GUIDE 
TO RASPBERRY Pi 
Mike & Richard Tooley 

Teach-ln 6 contains an exciting 
series of articles that provides a complete introduction to 
the Raspberry Pi, the low cost Computer that has taken 
the education and computing vvorld by storm. 

This latest book in our Teach-ln series will appeal to 
electronic enthusiasts and Computer buffs vvanting to get 
to grips with the Raspberry Pi. 

Anyone considering what to do with their Pi, or maybe 
they have an idea for a project but don’t know how 
to turn it into reality, will find Teach-ln 6 invaluable. İt 
covers: Programming, Hardvvare, Communications, Pi 
Projects, Pi Class, Python Ouickstart, Pi VVorld, Home 
Baking ete. 

The book comes with a FREE cover-mounted DVDROM 
containing ali the necessary softvvare for the series so 
that readers can get started quickly and easily with the 
projects and ideas covered. 


160 Pag e s 


Order code ETI5 


160 Pag es 


Order code ETI6 


£8.99 


BOOK ORDER FORM 


Full name:. 
Address:... 


. Post code:.Telephone No: . 


Signature: 


□ I enelose cheque/PO payable to DIRECT BOOK SERVİCE for £. 

□ Please charge my card £.Card expiry date. 

Card Number. 

Valid From Date . Card Security Code . (The last three digits on orjustbelovv the signature strip) 

Please send book order codes:. 

Please continue on separate sheet of paper if necessary 



ELECTRONICS TEACH-IN 7 - 
DISCRETE LINEAR CIRCUIT 
DESİGN 

Mike & Richard Tooley 

Teach-ln 7 is a complete 
introduction to the design of analogue electronic circuits. 
İdeal for everyone interested in electronics as a hobby 
and for those studying technology at schools and colleges. 
Supplied with a free Cover-Mounted CDROM containing 
ali the Circuit softvvare for the course, plus demo CAD 
softvvare for use with the Teach-ln series’ Words for the 
cover; Discrete Linear Circuit Design* Understand linear 
Circuit design* Learn with ‘TINA’ - modern CAD softvvare* 
Design simple, but elegant circuits* Five projects to build: 
Pre-amp, Headphone Amp, Tone Control, VU-meter, High 
Performance Audio Povver Amp PLUSAudio Out - an 
analogue expert’s take on specialist circuitsPractically 
Speaking - the teehnigues of project building 


160 Pag es 


Order code ETI7 


CHECK OUT OUR VVEBSITE FOR MORE BOOKS 
WWW.EPEMAG.COM 



THE BASIC SOLDERING GUIDE 
HANDBOOK 

LEARN TO SOLDER SUCCESSFULLY! 
ALAN WINSTANLEY 

The No.1 resource to learn ali the basic aspects 
of electronics soldering by hand. 

With more than 80 high quality colour photo- 
graphs, this book explains the correct choice 
of soldering irons, solder, fluxes and tools. The 
techniques of how to solder and desolder elec¬ 
tronic components are then explained in a clear, 
friendly and non-teehnieal fashion so you’ll be 
soldering successfully in next to no time! The 
book also ineludes seetions on Reflovv Soldering 
and Desoldering Techniques, Potential Hazards 
and Useful Resources. Plus a Troubleshooting 
Guide. 

Also ideal for those approaching electronics 
from other industries, the Basic Soldering Guide 
Handbook is the best resource of its type, and 
thanks to its excellent colour photography and 
crystal clear text, the art of soldering can now be 
learned by everyone! 


86 Pages 


Order code AW1 


| £9.99 
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o nly 

€8.99 


Don’t miss out! 




'A complete introduction to the design of analogue electronic circuits. İdeal for 
everyone interested in electronics as a hobby and for those studying technology at 
schools and colleges. Supplied with a free Cover-Mounted CDROM containing ali the 
Circuit softvvare for the course, plus demo CAD softvvare for use with the Teach-ln series' 


GET YOUR COPY TODAY JUST CALL 01202 880299 
OR VISIT OUR SECURE ONLINE SHOP AT WWW.EPEMAG.COM 























































STORE YOUR BACK ISSUES ON CD-ROM 



Order on-1i ne from 
www.epemag.com (go to the UK store) 
or by phone, fax, email or post 


1 «•» m, ,, m «m,.. 


VOLİ: 

VOL 2: 
VOL3 
VOL 4 
VOL 5 
VOL 6 
VOL 7 
VOL 8 
VOL 9 


BACK ISSUES- January 1999 to June 1999 
Plus some bonus material from Nov and Dec 1998 


BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 


VOL 10 

BACK ISSUES - 

VOL 11 

BACK ISSUES - 

VOL 12 

BACK ISSUES - 

VOL 13 

BACK ISSUES - 

VOL 14 

BACK ISSUES - 

VOL 15 

BACK ISSUES - 

VOL 16 

BACK ISSUES - 

VOL 17 

BACK ISSUES - 

VOL 18 

BACK ISSUES - 

VOL 19 

BACK ISSUES - 

VOL 20 

BACK ISSUES - 

VOL 21 

BACK ISSUES - 

VOL 22 

BACK ISSUES - 

FİVE YEAR W 
DVD/CD-ROMs 1 

NOW AVAİLABLE J 


July 1999 to December 1999 
January 2000 to June 2000 
July 2000 to December 2000 
January 2001 to June 2001 
July 2001 to December 2001 
January 2002 to June 2002 
July 2002 to December 2002 
January 2003 to June 2003 
July 2003 to December 2003 
January 2004 to June 2004 
July 2004 to December 2004 
January 2005 to June 2005 
July 2005 to December 2005 
January 2006 to June 2006 
July 2006 to December 2006 
January 2007 to June 2007 
July 2007 to December 2007 
January 2008 to June 2008 
July 2008 to December 2008 
January 2009 to June 2009 
July 2009 to December 2009 



VOL 23 
VOL 24 
VOL 25 
VOL 26 
VOL 27 
VOL 28 
VOL 29 
VOL 30 
VOL 31 
VOL 32 
VOL 33 
VOL 34 


BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 


VOL 35: BACK ISSUES 


January 2010 to June 2010 
July 2010 to December 2010 
January 2011 to June 2011 
July 2011 to December 2011 
January 2012 to June 2012 
July 2012 to December 2012 
January 2013 to June 2013 
July 2013 to December 2013 
January 2014 to June 2014 
July 2014 to December 2014 
January 2015 to June 2015 
July 2015 to December 2015 
January 2016 to June 2016 



FIVE YEAR CD/DVD-ROMs 

No.1 - Jan ’03 to Dec ’07 
No.2 - Jan ’04 to Dec ’08 
No.3 - Jan ’05 to Dec ’09 
No.4 - Jan ’06 to Dec ’IO 
No.5 - Jan ’07 to Dec’11 
No.6 - Jan ’08 to Dec ’12 


BACK ISSUES - July 2016 to December 2016 


VOL 37: BACK ISSUES - 

January 2017 to June 2017 


ACK ISSUES DVD/CD-ROM ORDER FORM 

Please send me the follovving Back Issue DVD/CD-ROMs. 
Volüme Numbers:. 


Price £16.45 each, £29.95 for Five Year DVD/CD-ROMs 

includes postage to anyvvhere in the world. 

Name. 


Address 



No.7 - Jan ’09 to Dec ’13 
No.8 - Jan ’IO to Dec ’14 
No.9-Jan '11 to Dec ’15 
No.10 - Jan ’12 to Dec ’16 

No.11 - Jan ’13to Dec ’17 


NOTE: These DVD/CD-ROMs are suitable for use on any PC 
with a DVD/CD-ROM drive. They require Adobe Acrobat Reader 
(available free from the Internet - www.adobe.com/acrobat) 

WHAT IS INCLUDED 

Ali volumes include the EPE Online content of every listed issue. Please 
note that we are unable to answer technical queries or provide data 
on articles that are more than five years old. Please also ensure that 
ali components are stili available before commencing construction 
of a project from a back issue. 


Post Code. 

□ I enclose cheque/P.O./bank draft to the value of £. 

□ please charge my Visa/Mastercard £. 

Card No. 

Card Security Code. . . . . (Thelast3digitsonorjustunderthesignaturestrip) 

Valid From.Expiry Date. 

SEND TO: Everyday Practical Electronics, 
Wimborne Publishing Ltd., 113 Lynwood Drive, Merley, 
Wimborne, Dorset BH21 1UU. 

Tel: 01202 880299. Fax: 01202 843233. 

E-mail: fay.kearn@wimborne.co.uk 

Payments must be by card or in £ Sterling - cheque or bank 
draft drawn on a UK bank. 

Normally posted vvithin seven days of receipt of order. 





























PCB SERVİCE 



Basic printed Circuit boards for most recent EPE constructional projects are 
available from the PCB Service, see list. These are fabricated in glass fibre, and 
are drilled and roller tinned, but ali holes are a Standard size. They are not silk- 
screened, nor do they have solder resist. Double-sided boards are NOT plated 
through hole and will require ‘vias’ and some components soldering to both 
sides. NOTE: PCBs from the July 2013 issue with eight digit codes have silk 
screen overlays and, vvhere applicable, are double-sided, plated through-hole, 
with solder masks, they are similar to the photos in the relevent project articles. 

Ali prices include VAT and postage and packing. Add £2 per board 
for airmail outside of Europe. Remittances should be sent to The PCB 
Service, Everyday Practical Electronics, Wimborne Publishing 
Ltd., 113 Lynvvood Drive, Merley, Wimborne, Dorset BH21 1UU. 
Tel: 01202 880299; Fax 01202 843233; Email: orders@epemag.wimborne. 
co.uk. On-line Shop: www.epemag.com. Cheques should be crossed and made 
payable to Everyday Practical Electronics (Payment in £ sterling only). 

NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for 
delivery - overseas readers allow extra if ordered by surface mail. 


F PROJECT TITIE 

ORDER CODE 

COST ^ 

1 

JULY 16 

Driveway Monitor - Detector Unit 

- Receiver Unit 

USB Charging Points 

15105151 

15105152 

18107151 

£11.80 

£7.50 

£5.00 

AUG16 

Low-cost Resistance Reference 

USB Power Monitor 

04108151 

04109121 

£5.36 

£12.00 

SEPT’16 

LED Party Strobe 

Speedo Corrector 

16101141 

05109131 

£9.80 

£12.00 

OCT'16 

Arduino-Based USB Electrocardiogram 

100W Switchmode/Linear Bench Supply - Part 2 

07108151 

18104141 

£9.79 

£20.83 

NOV'16 

Fingerprint Access Controller- Main Board 
- Switch Board 

03109151 T 
03109152 i 

£12.88 

DEC 10 

Universal Loudspeaker Protector 

9-Channel Infrared Remote Control 

Revised USB Charger 

01110151 

15108151 

18107152 

£12.88 

£16.42 

£5.36 

JAN17 

High-performance Stereo Valve Preamplifier 

High Visibility 6-Digit LED Clock 

01101161 

19110151 

£17.75 

£16.42 

FER 17 

Solar MPPT Charger/Lighting Controller 

Turntable LED Strobe 

16101161 

04101161 

£17.75 

£7.60 

MARCH17 

Speech Timer for Contests & Debates 

19111151 

£16.42 

APRIL17 

Microwave Leakage Detector 

Arduino Multifunctional 24-bit Measuring Shield 
- RF Head Board 

Battery Pack Celi Balancer 

04103161 
04116011 1 
04116012 J 
11111151 

£8.00 

£17.75 

£9.00 

MAY 17 

The Micromite LCD BackPack 

Precision 230V/115V 50/60Hz Turntable Driver 

07102122 

04104161 

£11.25 

£19.35 

JÖNE 17 

Ultrasonic Garage Parking Assistant 

Hotel Safe Alarm 

10OdB Stereo LED Audio Level/VU Meter 

07102122 

03106161 

01104161 

£10.45 

£8.00 

£17.75 

JULY 17 

Micromite-Based Süper Clock 

Brownout Protector for Induction Motors 

07102122 

10107161 

£10.45 

£12.90 

AOG’17 

Micromite-Based Touch-screen Boat 

Computer with GPS 

Fridge/Freezer Alarm 

07102122 

03104161 

£10.45 

£8.00 

SEPT’17 

Compact 8-Digit Frequency Meter 

04105161 

£12.88 


PROJECT TITIE 


ORDER CODE COST 


NOV’17 

50A Battery Charger Controller 

11111161 

£12.88 

Micropower LED Flasher (45 x 47mm) 

16109161 

£8.00 

(36 x 13mm) 

16109162 

£5.60 

Phono Input Converter 

01111161 

£8.00 

DEC 17 

Precision Voltage and Current Reference - Part 2 

04110161 

£15.35 

JAN18 

High-Power DC Motor Speed Controller - Part 1 

11112161 

£12.88 

Build the SC200 Amplifier Modüle 

01108161 

£12.88 

FER'10 

GPS-Syncronised Analogue Clock Driver 
High-Power DC Motor Speed Controller - Part 2 

04202171 

£12.88 

- Control Board 

11112161 

£12.88 

- Power Board 

11112162 

£15.30 

MARCH 18 

Stationmaster - Main Board 

091031711 

£17.75 

- Controller Board 

09103172J 

Build the SC200 Amplifier Modüle 



- Power Supply 

01109111 

£16.45 

APRIL18 

Spring Reverberation Unit 

01104171 

£15.30 

DDS Sig Gen Lid 

Black 

£8.05 

DDS Sig Gen Lid 

Blue 

£7.05 

DDS Sig Gen Lid 

1 

Clear 

£8.05 


Back numbers or photocopies of articles are available if required - see the 
Back Issues page for details. WE DO NOT SUPPLY KITS OR COMPONENTS 
FOR OUR PROJECTS. 

* See NOTE left regarding PCBs with eight digit codes * 

Please check price and availability in the latest issue. 

A large number of older boards are listed on, and can be ordered from, our vvebsite. 

Boards can only be supplied on a payment with order basis. 


EPE SOFTWARE 

VVhere available, software programs for EPE Projects can be downloaded free 
from the Library on our website, accessible via our home page at: 

www.epemag.com 

PCB MASTERS 

PCB masters for boards published from the March ’06 issue onwards are 
available in PDF format free to subscribers - 
email fay.kearn@wimborne.co.uk stating which masters you would like. 


r 


EPE PRİNTED CIRCUIT BOARD SERVİCE 
Order Code Project Ouantity Price 

Name. 

Address. 

Tel. No. 

I enclose payment of £.(cheque/PO in £ sterling only) 

Everyday Practical 
Electronics 


to: 


VISA 


Card No. 

Valid From.Expiry Date 

Card Security No. 

Signature. 


Note: You can also order PCBs by phone, Fax or Email or via the 
Shop on our vvebsite on a secure server: 

http://www.epemag.com 





























































If you want your advertisements to be seen by the largest readership at the most economical price our classified page 
offers excellent value. The rate for semi-display space is £10 (+VAT) per centimetre high, with a minimum height 
of 2-5cm. Ali semi-display adverts have a vvidth of 5.5cm. The prepaid rate for classified adverts is 40p (+VAT) per 
word (minimum 12 vvords). 

Ali cheques, postal orders, ete., to be made payable to Everyday Practical Electronics. VAT must be added. 
Advertisements, together with remittance, should be sent to Everyday Practical Electronics Advertisements, 113 
Lynwood Drive, Merley, VVimborne, Dorset, BH21 1UU. Phone: 01202 880299. Fax: 01202 843233. Email: 
stewart.kearn@wimborne.co.uk. For rates and information on display and classified advertising please contact our 
Advertisement Manager, Stewart Kearn as above. 


BOVVOOD ELECTRONICS LTD 

Suppliers of Electronic Components 

www.bowood-electronics.co.uk 

Unit 10, Boythorpe Business Park, Dock Walk, Chesterfield, 
Derbyshire S40 2QR. Sales: 01246 200 222 

Send large letter stamp for Catalogue 


ADVERTISE HERE 

FOR JUST £50 +VAT 

CALL 

STEVVART KEARN 
ON 01202 880299 

STEWART.KEARN@WIMBORNE.CO.UK 
ı_ı 


Everyday Practical 
Electronics reaches more 
UK readers than any other 
UK monthly hobby 
electronics magazine/ 
our sales figures prove it. 

We have been the leading 
monthly maganne in this 
market for tiıe last 
tvventy-seven years. 


r C ANTERBURY WINDINGS ^ 

UK manufacturer of toroidal transformers 
(10VA to 3kVA) 

Ali transformers made to order. No design fees. 
No minimum order. 

www.canterburywindings.co.uk 

i 01227 450810 j 


Just found more 
vintage electronic components 
FOR THE RENOVATOR 
OR HOBBYIST 



KITS, TOOLS, COMPONENTS. S.A.E. 
Catalogue. SIR-KIT ELECTRONICS, 52 

Severn Road, Clacton, C015 3RB, http:// 
sir-kit.webs.com 


VALVES AND ALLIED COMPONENTS İN 
STOCK. Phone for free list. Valves, books 
and magazines wanted. Geoff Davies 
(Radio), tel. 01788 574774. 


PIC DEVELOPMENT KITS, DTMF kits and 
modules, CTCSS Encoder and Decoder/ 
Display kits. Visitwww.cstech.co.uk 
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Next Month 



MAY '18 ISSUE ON SALE 
5 APRIL 2018 

Micromite BackPack V2 Jj 

The best gets better! The Micromite LCD BackPack described in the May 2017 issue has been one 
of our most popular projects. This revised version incorporates the Microbridge described below. İt adds a 
USB interface and the ability to program/re program the PIC32 chip while it's onboard. 

High Performance RF Prescaler 

Want to measure frequencies up to 6GHz or more... but your frequency counter is not in the race? 

Well, if you already have a frequency counter which will measure up to 10MHz or so, you can add 
this prescaler to provide a dramatic increase in performance. İt has selectable frequency division 
ratios of 1000:1, 200:1, 100:1 or 10:1 to make it especially versatile. 

Microbridge 

This is a cheap, but very useful universal PIC32 programmer combined with a USB/serial converter. 

İt is primarily intended for use with the Micromite and includes the necessary USB/serial converter. 

You can manipulate the PIC32 from your PC, program any PIC32 microcontroller and the USB/serial 
converter can be used with many other processors including those on the Arduino or Raspberry Pi. 

Low Cost Electronic Modules - Part 5 

Fancy using a 16x2 backlit alphanumeric LCD modüle? This one comes with a small 'piggy-back' 
modüle that provides it with an l 2 C serial interface. İt can be hooked up to any of the common micros 
via only two wires, letting multiple displays (or other l 2 C devices) share the same 2-wire bus, vvhile 
also freeing up some of the micro's 1/0 pins for other purposes. 

Teach-ln 2018 - Part 9 

Next month's Teach-in 2018 will look at digital measurements and associated test equipment and 
our practical project will feature a simple logic probe. 

PLUS! 

Ali your favourite regular columns from Audio Out and Circuit Surgery to Electronic Building Blocks , P/C n' Mix and Net Work. 

Content may be subject to change 
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Selling Electronics in ûıe$terneMfor29 


Öpen Monday to Friday 9am to 5:30pm 
And Saturday 9:30am to 5pm 

• Aerials, Satellite Dishes & LCD Brackets 

• Audio Adaptors, Connectors & Leads 

• BT, Broadband, Netvvork & USB Leads 

• Computer Memory, Hard Drives & Parts 

• DJ Equipment, Lighting & Supplies 

• Extensive Electronic Components 

- ICs , Project Boxes, Relays & Resistors 

• Raspberry Pi & Arduino Products 

• Replacement Laptop Povver Supplies 

• Batteries, Fuses, Glue,Tools & Lots more. 

T: 01246 211202 
E: sales@jpgelectronics.com 
JPG Electronics, Shavv’s Row, 

Old Road, Chesterfield, S40 2RB 
W: www.jpgelectronics.com 
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İ ^Maison Mes Amis 
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CALLING ALL EPE 
SUBSCRIBERS 

İf you are one of our valued subscribers then 
please note that we are changing the way we 
send subscription renevval reminders. 

Instead of sending you a renevval card, we will 
now print a box on the address sheet, which 
comes with your copy of EPE. 

This box will advise you of the last issue in 
your current subscription. 

To renew you will have three choices: 

1. Cali us on: 01202 880299 

2. Visit our vvebsite at: www.epemag.com 
3.Send a cheque to: 

VVimborne Publishing Ltd, 113 Lynwood Drive, 
Merley, VVimborne, Dorset BH21 1 UU 


Retail & Trade VVelcome • Free Parking • Google St 


Published on approximately the first Thursday of each month by VVimborne Publishing Ltd., 113 Lynvvood Drive, Merley, VVimborne, Dorset BH21 1 UU. Printed in England by Acorn VVeb Offset Ltd., Normanton, 
WF6 1TW. Distributed by Seymour, 86 Nevvman St., London W1T 3EX. Subscriptions INLAND: £24.00 (6 months); £45.00 (12 months); £85.00 (2 years). EUROPE: airmail service, £30.00 (6 months); £56.00 
(12 months); £107.00 (2 years). REST OF THE VVORLD: airmail service, £37.00 (6 months); £70.00 (12 months); £135.00 (2 years). Payments payable to "Everyday Practical Electronics", Subs Dept, VVimborne 
Publishing Ltd. Email: subs@epemag.wimborne.co.uk. EVERYDAY PRACTİCAL ELECTRONICS is sold subject to the following conditions, namely that it shall not, without the written consent of the Publishers first 
having been given, be lent, resold, hired out or otherwise disposed of by way of Trade at more than the recommended selling price shown on the cover, and that it shall not be lent, resold, hired out or otherwise 
disposed of in a mutilated condition or in any unauthorised cover by way of Trade or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever. 

























Microchip's Curiosity Development boards are cost-effective, fully integrated 
microcontroller development platforms targeted at fîrst-time users, makers and 
those seeking a feature-rich rapid prototyping board. 

► İntegrated programmer/debugger vvith USB interface 

► Integrates seamlessly vvith MPLAB® X IDE, MPLAB Xpress IDE and 
MPLAB Code Configurator 

► mikroBUS™ support vvith över 300 MikroElektronika click boards™ 
add-ons available 

Try our comprehensive ecosystem to develop your next connected application. 
Receive 20% OFF and FREE SHIPPING on any Curiosity Board. 



microchip 

DsRECT 

www.microchipdirect.com 


Microchip 

www.microchip.com/curiosityboard 


The Microchip name and logo, the Microchip logo and MPLAB are registered trademarks of Microchip Technology Incorporated in the U.S.A. and othercountries. Ali othertrademarks are the property of their registered ovvners. 
© 2018 Microchip Technology İne. Ali rights reserved. MEC2203Eng02/18 
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LoRa - Sigfox technology 

Protect - Follow - Measure 
Control - Track - Trace 
Everything 
Everywhere 

We make OEM versions for: Drones - Pumps - Machines - Rentals - Vehicles - 
Smart Cities - Security - Transportation - Lightning - Agriculture - Tools - 
Waste Management - Industrial IoT - Water meters - Electricity - ete 



Ali tıademarksnıeTitioned herein belongto theirrespectıve öwims. 


www.trace.me 























